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REUSE  OF  WASTE  OIL  AT 
ARMY  INSTALLATIONS 


1  INTRODUCTION 


Background 

Typical  Army  installations  produce  large  amounts 
of  waste  oil-up  to  250,000  gal  annually.  Recent 
emphasis  on  energy  conservation  and  regulations 
concerning  hazardous  wastes  have  caused  the  Army 
to  consider  reusing  its  waste  oil.1  The  Office  of  the 
Chief  of  Engineers  (OCE)  asked  the  U.S.  Army  Con¬ 
struction  Engineering  Research  Laboratory  (CERL)  to 
assess  waste  oil  handling  and  reuse  for  Directorate  of 
Facility  Engineers  (DFAE)  and  Defense  Property 
Disposal  Office  (DPDO)  personnel. 

Objective 

The  objectives  of  this  research  were:  (1)  to  analyze 
the  economics  of  waste  oil  reuse,  and  (2)  to  examine 
the  environmental  aspects  of  used  oil  management. 

Approach 

The  state  of  the  art  of  waste  oil  management  was 
surveyed  through  a  literature  search  and  contacts 
with  personnel  at  various  Governmental  and  private 
agencies.  Representatives  from  Army  commands. 
Army  installations,  the  General  Accounting  Office 
(GAO),  the  U.S.  Environmental  Protection  Agency 
(EPA),  State  agencies,  and  re-refiners  were  inter¬ 
viewed.  Waste  oil  samples  from  three  installations 
were  analyzed  to  see  how  the  characteristics  of  Army 
waste  oil  affect  reuse  options  (Chapters  2  and  3). 

From  this  information,  CERL  assessed  the  three 
handling  and  reuse  alternatives  that  are  most  appro¬ 
priate  for  the  Army:  (1)  selling  the  oil  to  a  re-refinery, 
(3)  burning  it  as  a  boiler  fuel,  and  (3)  recycling  it  in  a 
closed  loop  agreement  with  a  re-reii.ier  (Chapter  4). 

Mode  of  Technology  Transfer 

It  is  recommended  that  the  information  in  this 
report  impact  on  the  Army  Energy  Plan  and  AR 
200-1. 


1 Army  Energy  Plan  (Headquarters,  Department  of  the 
Army,  1978). 


2  REGULATIONS  AFFECTING 
WASTE  OIL  REUSE 


Federal  Water  Pollution  Control 
Act  Amendments  of  1972 

One  of  the  first  and  most  important  pieces  of 
environmental  legislation  of  the  1 970s  was  the  Federal 
Water  Pollution  Control  Act  Amendments  of  1972. 
The  purpose  of  this  legislation  was  to  reduce  and 
eventually  eliminate  the  discharge  of  pollutants  into  the 
nation’s  navigable  waters.  Discharging  toxic  pollutants 
in  harmful  amounts  was  prohibited  immediately.  One 
concern  of  Congress  was  the  degradation  of  the  en¬ 
vironment  cuased  by  the  improper  disposal  of  waste 
oil.  The  EPA  was  directed  to  conduct  a  study  of: 

1.  The  generation  of  used  engine,  machine,  cooling 
and  similat  waste  oil.  including  quantities,  quality, 
present  collection  and  disposal  practices,  and  alternate 
uses. 

2.  The  long-term,  chronic  biological  effects  of  the 
disposal  of  waste  oil. 

3.  The  potential  market  for  waste  oils.  The  fol¬ 
lowing  issues  were  to  be  considered:  the  economic  and 
legal  factors  relating  to  the  sale  of  products  made  from 
such  oils,  the  level  of  subsidy  needed  to  encourage 
public  and  private  nonprofit  agencies  to  buy  the 
products,  and  the  possibility  of  Federal  procurement 
of  these  products. 

The  result  of  this  work  was  the  EPA’s  Waste  Oil 
Study.2 

PL  94-163 

To  reduce  energy  demand  and  provide  emergency 
conservation  measures,  the  Congress  passed  the  Energy 
Policy  and  Conservation  Act  (PL  94-163)  in  December 
1975.  The  authors  of  this  bill  recognized  used  crank¬ 
case  oil  as  a  valuable,  reusable  resource  and  devoted  a 
section  of  the  law  to  policy  on  recycled  oil.  Section 
383  of  PL  94-163  was  intended: 

1 .  To  encourage  the  recycling  of  used  oil 

2.  To  promote  the  use  of  recycled  oil 


2 Waste  Oil  Study-A  Report  to  the  Congress,  PB257693 
(Environmental  Protection  Agency  [EPA] ,  April  1974). 
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3  To  reduce  consumption  of  new  oil  by  promoting 
iik  reused  use  ot  recycled  oil 

4  To  rediKe  enviionmental  hazards  and  wasteful 
practKes  j»>....u’.eJ  with  the  disposal  ol  used  oil. 

In  addition.  I’L  44-lb3  diieeted  the  National  Bureau 
ot  Standards  (NBSt  to  "develop  tesl  procedures  to 
determine  suhstantial  equivalency  ol'  re-refined  or 
otherwise  processed  used  oils  or  blend  of  new  and  used 
oil  for  a  particular  end  use."  Test  procedures  developed 
by  the  Bureau  for  burner  fuel  were  published  in 
14, SO.' 

I’L  44- 1  (it  also  directed  the  Federal  Trade  Commis¬ 
sion.  after  reviewing  the  Bureau's  test  procedures,  to 
prescribe  labeling  standards  foi  recycled  oil  containers. 
Foi  containers  of  new  oil.  used  oil.  and  recycled  oil. 
the  EPA  was  directed  to  establish  labeling  standards 
concerning  the  proper  disposal  of  oil  after  use.  Also,  all 
Federal  agencies  were  to  revise  policies  to  encourage 
procurement  of  recycled  oil  when  available  at  compet¬ 
itive  prices  for  the  same  use  as  new  oil. 

Finally.  Federal  agencies  were  to  inform  Federal. 
State,  and  private  sector  employees  about  the  need  to 
use  recycled  oil  to  conserve  new  oil  and  to  prevent 
environmental  hazards  associated  with  improper 
oil  disposal. 

Resource  Conservation  and  Recovery  Act 

In  I47(l.  the  Solid  Waste  Disposal  Act  (42  USC 
325  1 1  was  amended  by  the  Resource  Conservation  and 
Recovery  Act  tRCRA)  PL  44-580.  The  revised  law- 
offers  technical  and  financial  assistance  in  developing 
facilities  for  and  managing  not  only  recovery  of  energy  , 
but  also  safe  disposal  or  recovery  of  discarded  materials. 
The  law  also  regulates  the  management  of  hazardous 
wastes.  Section  3001  of  RCRA  requires  the  EPA  to 
issue  criteria  for  identifying  hazardous  wastes  and 
for  categorizing  those  subject  to  RCRA's  subtitle 
(c).  When  characterizing  a  hazardous  waste,  the  EPA 
must  consider  factors  such  as  toxicity,  persistence, 
degradability,  potential  for  accumulation  in  tissue, 
flammability,  and  corrosiveness. 

The  hazardous  waste  regulations  were  issued  in 
May  1980  (40  CFR  Part  260).  but  used  oil  was  not 


'D  A  Becker  and  J  J  (  mnelord.  Recycled  Oil  Program 
Phase  I  Test  Procedures  for  Recycled  Oil  Used  as  Burner 
I’iiel.  Technical  Note  1130  (National  Bureau  of  Standards 
|  N  HS  | .  August  19810 


specifically  mentioned,  although  it  was  in  the  pioposed 
regulations.  Nonetheless.  CERE  believes  that  used 
ctankcase  oil  would  qualify  as  a  hazardous  waste  if  it 
failed  the  toxicity  test  specified  in  the  regulations 

Used  Oil  Recycling  Act 

The  Llsed  Oil  Recycling  -Vet  ol  I486  (PL  90-4o3) 
amended  the  Solid  Waste  Disposal  Act  to  specifically 
include  used  oil.  Ibis  iaw  is  desenbed  tully  hetc 
because  it  is  directly  relevant  to  Auny  tccy  cling  policy 

Section  2  ot  the  Act  lists  Congiessional  findings 
which  reflect  an  incieasingly  favorable  attitude  toward 
used  oil.  Congress  found  that 

I  Lsed  oil  is  a  valuable  source  of  scarce  energy 
and  materials 

2.  Technology  exists  to  le-refme.  repioce>s.  reclaim, 
and  otherwise  recy  cle  used  oil. 

3.  Used  oil  constitutes  a  threat  to  public  health 
and  the  environment  when  reused  or  disposed  of  im¬ 
properly.  Therefore,  it  is  in  the  national  interest  to 
recy  cle  used  oil  in  order  to  protect  public  health  and 
the  environment,  and  to  conserve  energy  and  materials. 

Section  4  of  the  Act  deals  with  labeling  require¬ 
ments  for  new  and  used  oil  containers.  Part  (cl  effec¬ 
tively  repeals  the  rule  which  requires  used  oil  containers 
to  bear  a  label  indicating  that  the  oil  was  made  from 
used  or  recycled  oil.  It  was  thought  that  this  notice 
implied  that  the  product  was  inferior. 

Section  5  (b)  amends  Section  4008  of  the  Solid 
Waste  Disposal  Act  by  adding  a  subsection  providing 
financial  assistance  to  States  for  oil  recycling  programs. 
To  carry  out  the  provisions  of  Section  5.  Congress 
allocated  S5  million  each  for  fiscal  years  1482  and 
1983.  None  of  the  funds  may  be  used  for  construction, 
land  acquisition,  or  equipment. 

Section  6  of  PL  96-463  amends  Section  4008  of  the 
Solid  Waste  Disposal  Act  by  authorizing  the  EPA  to 
provide  technical  assistance  to  States  which  have  to 
address  economic  and  institutional  problems  with 
recycling  used  oil. 

Section  7  amends  subtitle  (C)  of  the  Solid  Waste 
Disposal  Act  and  directs  the  EPA  to  issue  regulations 
on  performance  standards  and  other  requirements 
necessary  to  protect  public  health  and  the  environment 
from  the  hazards  associated  with  recycled  oil. 
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Within  *K*  il.i \  jfu'i  Mu'  enactment  hi  |’l  'Mi  4o.' 
(ot  by  I  5  J.mu.ity  Dfsli  l  hi1  t  PA  was  tequtied  hy 
Soviu'n  s  li>  decide  whethvi  subsections  31)01  (a)  and 
I1' l  01  the  Solid  Waste  Disposal  Act  ate  applicable  to 
U'i.'J  oil  (i  o  .  is  it  a  lia/ai dolls  waste).  and  to  report  the 
decision  md  telev.mt  data  l<>  Congress  The  1: PA  was 
nut  to  discouuge  the  tecychng  and  reuse  ol  used  oil 
when  making  tins  decision. 

Finally.  Section  l)  requires  the  Adiiriinsttator  ot  the 
tPA.  the  Secretary  of  Energy,  the  Federal  Ttade  Com- 
mission.  and  the  Secretary  of  Commerce  to  study  the 
environmental  problems  associated  with  the  itnpioper 
disposal  or  reuse  of  used  oil,  collection  of  used  oil 
before  tecycltng.  supply  and  demand  in  the  used  oil 
nulusiis.  and  cneigy  savings  associated  with  te-relming 
.u ul  iccy  cling  used  oil 

DOD  Policy 

I'he  Depai linent  ot  Detense  (DOD)  lecogm/.ed  the 
importance  of  piopei  management  of  waste  oil  before 
the  Used  Oil  Recycling  Act  was  passed.  "Oil  Recycling 
and  Reuse  Policy"  is  the  subject  of  a  1 1> 7 *■)  DOD 
memorandum.4  This  document  emphasizes  re-refinitig 
waste  oil  and.  if  more  economical,  burning  waste  oil  as 
a  fuel. 

A  subsequent  memorandum  directs  DOD  to  "es¬ 
tablish  a  priority  system  to  maximize  the  sale  of  used 
lube  oil  to  re-refiners,  reprocessors,  brokers  for  re¬ 
refiners:  reprocessors.  and  energy  converters,  and  to 
purchase  re  refined  lube  oil  from  industry  through 
closed  loop  or  stock,  store,  and  issue  systems."5 

The  most  significant  change  in  DOD  regulations  to 
pioniole  the  puichase  of  re-refined  oil  was  the  revision 
of  Mil  l  is  152.  "lubricating  Oil.  Internal  Combus¬ 
tion  Engine.  Administrative  Service."  the  specification 
quality  mg  engine  lubricating  oil  for  administrative 
service  vehicles.  The  revision  to  MIL-L-46152A  (23 
January  1080)  and  then  to  MIL-L-46I52B  (2b  January 
1981)  allows  used  oil  as  a  feed  stock.  Previously, 
buying  re-refined  oil  had  been  prohibited.  MIL-L-2014. 


J “Oil  Recycling  and  Reuse  Policy."  Memorandum  tor  the 
Secretaries  of  the  Military  Departments,  the  Directors  Defense 
Agencies  (Assistant  Secretary  of  Detense  |  Manpower.  Reserve 
Affairs,  and  Logistics| .  June  4.  1979). 

"Defense  environmental  Actions  for  1981.”  Defense 
I- nvironmental  Quality  Program  Policy  Memorandum  No. 
81-1  (Assistant  Secretary  of  Defense  (Manpower.  Reserve 
Affairs,  and  Logistics |.  12  January  1981). 


"1  n  hue  a  I  mg  Oil.  Internal  Conibiist  :mi  I  ngnu-  I  a.  1 1.  .o 
Service."  is  also  hemg  changed  u  .tlf-w  used  ml  i. 
a  teed  stock 


3  CURRENT  WASTE  OIL  MANAGEMENT 

Sources 

Waste  oil  at  Army  installation'  comes  Horn  the 
maintenance  of  tactical,  suppott.  and  facility  eng: 
neering  vehicles.  Crankcase  oils,  transmission  oils,  final 
drive  oils,  and  hydraulic  fluids  are  removed  periodically 
from  these  vehicles  at  the  maintenance  facilities 

Tactical  vehicles  provide  most  ot  the  Army's  used 
oil.  as  indicated  by  the  crankcase  and  t unsmisstm; 
capacities  shown  in  Tables  I  and  2  Oil  o  .hanged 
about  twice  a  year  for  tanks  and  other  (tasked  vehicle' 
and  once  a  year  for  armored  personnel  carnets  The  oil 
in  wheeled  vehicles  is  changed  twice  a  yeat.  unless  :t  is 
done  according  to  mileage.'' 

Storage 

Waste  oil  is  stored  in  three  places  before  it  is  inuilv 
disposed  of'  the  container  used  to  catch  the  of  when  u 
is  drained  from  a  crankcase,  a  pod  or  undetgimand 
storage  tank  to  hold  oil  changes  Iron)  one  ot  mote 
maintenance  units,  and  central  storage  tanks  serving 
the  enure  installation.  The  oil  is  usually  hand-carried 
m  its  collection  containei  from  the  motor  pool  to  the 
maintenance  unit's  storage  tank.  Each  unit's  oil  t> 
usually  picked  up  by  a  contractor  and  transferred  to 
the  central  storage  tank,  however,  at  some  installations 
the  oil  is  hauled  to  the  central  storage  area  by  the 
units.  If  t he  contractor  collecting  the  oil  from  the  units 
is  also  hauling  the  oil  to  a  waste  oil  processing  facihtv . 
then  there  probably  will  not  he  a  central  storage  tank 
on  the  installation. 

Quantity 

The  Defense  General  Supply  Center  repotted  that 
J. 32l>.842  gal  of  new  crankcase  oil  were  shipped  to 
Army  facilities  between  June  I ‘>79  ,md  June  1980  Ot 
this  amount.  315.105  gal  were  to  he  used  in  adminis¬ 
trative  vehicles.  These  oils  w-re  requited  to  meet 

'’R  l-ileccia.  J.  Benson,  and  .1  Matherly.  in  iiardstanJ 
Tactical  I  eliiclc  Maintenance  Facilities  Concept  Pestgn  anJ 
Preliminary  Recommendations  for  Wastewater  Treatment. 
Interim  Report  N-67/ADA067985  (U  S  Army  Construction 
engineering  Research  Laboratory  |('FRL|.  19791.  pp  10.  I  I 


Table  I 

Characteristics  of  Various  Types  of  Track-Laying  Vehicles 


Crankcase 

Transmission 

Capacity. 

Capacity. 

Designation 

(leneral  Description 

Ql 

Qt 

M48A1 

Tank,  combat.  90  mm 

72 

92 

M48  \2.  A2C 

l  ank,  combat.  90  mm 

64 

92 

M48A3 

l  ank,  uimbjl  90  mm 

48 

7(> 

MbO/bUAI 

Tank,  combat.  105  mm 

48 

76 

Ml  07 

(inn.  sell-prop.  175  mm 

26 

5  7+ 

MHO 

Howitzer.  sell-prop.  8-m 

26 

57  + 

Ml  09 

Howitzer.  self-prop.  155  mm 

28 

52+ 

Ml  08 

Howitzer,  self-prop.  155  mm 

26 

58+ 

M42/42A1 

(>un.  Anti-aircraft 

44 

44 

M56 

Gun.  self-prop.  90  mm 

1 1 

15 

MS  3 

Gun.  self-prop.  155  mm 

104 

96+ 

M55 

Howitzer,  self-prop,  8-in 

64 

72+ 

M37 

Howitzer,  self-prop.  105  mm 

16 

30+ 

M52/52A1 

Howitzer,  self-prop.  105  mm 

44 

49 

M44/44A 1 

Howitzer,  self-prop.  155  mm 

44 

70 

M84 

Mortar,  self-prop.  107  mm 

22 

45 

53 

Vehicle,  combat  engr.  165  mm 

f’A 

688 

M5-M5A4 

Tractor,  high  speed 

22 

48 

M8At -M8A2 

T  ractor.  high  speed 

44 

72 

M6 

Bulldozer,  tank  mounted 

64 

80+ 

M8 

Bulldozer,  tank  mounted 

72 

92 

M9 

Bulldozer,  tank  mounted 

48 

76 

M578 

Recovery  vehicle 

26 

NA 

M88 

Recovery  vehicle 

64 

+  s 

Ml  13 

Armored  personnel  carrier 

10 

16 

M577-M577A! 

Armored  personnel  carrier. 

12 

12 

command  post 

18 

MlL-L-46152  specifications.  \n  addition.  2.924.737 
gal.  shipped  for  use  in  tactical  vehicles,  had  to  qualify 
under  MlL-L-2 104. 

The  literature  commonly  assumes  that  50  percent  of 
the  crankcase  oil  is  lost  during  use.  disposed  of  with 
the  filter  cartridge,  or  spilled.7  If  50  percent  of  the 

7H  B.  Kaufman.  “KPA  Activities  in  Waste  Oil  Manage¬ 
ment."  Proceedings  of  a  Workshop  on  Measurements  and  Stan¬ 
dards  jor  Recycled  Oil 7/.  Gaithersburg.  Maryland.  National 
Bureau  of  Standards.  1977  (NBS  Special  Publication  55b. 
19791.  p  201 


Army's  oil  is  indeed  lost,  then  1  .(->00.000  gal  of  used  oil 
is  produced  each  year.  Some  Army  facilities  and  then 
approximate  rates  of  used  oil  production  arc  listed  in 
Table  3.  Tabled  is  an  example  of  generation  rates  from 
the  maintenance  units  at  Fort  Lewis.  WA* 


*R  I  ileccia.  J.  Benson,  and  I  Matherh.  In-HardstanJ 
factical  I  chicle  Maintenance  Facilities  Concept  Design  and 
Preliminary  Recommendations  tor  Wastewan  r  Treatment 
Interim  Report  N-67/ADA067985  l(T  R I  .  1 0 7Qt 
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Table  2 

Characteristics  of  Various  Types  of  Wheeled  Vehicles 


Crankcase 

Capacity 


Designation 

General  Descrip tiun 

Ot 

Ml  ’ll 

1  /4  ton  ambulance 

5  5 

\|4  3  M4  3BI 

3/4-ton  ambulance 

s 

M44.M44.M46 

M46C.M58.M133. 

M207.M2O7C 

2-1  /2-ton  truck  chassis 

9 

M34.M3b.M3bC 

2  1.2-ton  truck  chassis 

18 

M4n.M40t.'.Mb  I 
Mb3.Mb3C.MI39. 

M  1  39C  M 1  34  D 

5  ton  cargo 

9 

mi  vs  m:i  i.m  vs 

St 5 4  \:  MSS 

2  1/2  ion  cjieo  true k 

1 1 

M 1  25 

hi  ton  cargo  nuck 

1  S 

M342 

2  1  /2-ton  cargo.  dump 

t()  5 

MSI 

5-ton  dump 

22 

M49.M49C 

2-1  /2-ton  gasoline 

9 

M217..M217C 

2-1 /2-ton  fuel  servicing 

9 

M 1 50.M222 

2-1;  2-ton  water 

9 

M48.M22 1  M275 

2-1 /2-ton  truck  tractor 

9 

M52.M52AI 

5-ton  truck  tractor 

ii 

Ml  23. M 1 23C.M  1  231) 

1 0-ton  truck  tractor 

1 1 

M24b 

5 -ton  wrecker 

si 

M38.M38A  1  .M38A  1C 

1 /4-ton  utility 

4 

M 1 5  1 

I  /4-ton  utility 

4 

M 1  08. Mbit 

2-1  /2-ton  wrecker 

9 

M6  2.M62F  1 

5-ton  w  recker 

18 

MS  1 2.M5 1  2C.M5 1  21) 

2-1/2  ton  shop  vans 

9 

MS  I  21  ,M5I2<; 


Table  3 

Used  Crankcase  Oil  Production  Rates 
of  Some  Army  Facilities 


Installation 

fial/Yr 

1  ort  Hood.  TX 

256.596 

1  ort  Polk.  LA 

255.364 

Toelle  Army  Depot.  UT 

125.948 

Stewart/Hunter  AAL.  TX 

142.236 

Red  River  Army  Depot.  TX 

122.124 

Anniston  Army  Depot.  AL 

1  18.000 

1  ort  Bragg.  NC 

108.400 

1  ort  ('arson.  CO 

90.400 

Quality 

Bclmc  .my  oil  recycling  <u  reu.c  j'> ■  ve  si  sen  ' 
the  contaminants  m  the  used  oil  iim-.i  *>e  ;.jt  nM:- 
and  the  contaminants'  sources  examined  (lem-ia1  . 
contaminants  are  classified  as  metais.  watci  sediriu  t.’ 
and  ash  Table  5  gives  the  eeneial  cha.'asteri'!!.  d 
used  oil:  Table  ts  lists  typical  additive'  and  c- 
naills  in  used  ml 

CTRL  conducted  a  limited  diaractei '•.< 
see  it  the  Army  's  waste  oil  ts  sttntiar  to  tt  at  •  • 
in  the  literature  Sampling  Was  done  at  l  ot: 

Fort  Bragg,  and  Fort  Bentnng.  these  uistai'iatiotn  w  o 
chosen  because  they  are  reptcsentattve  ot  the  .ivctjge 
pioduceis  of  Army  waste  oil  Ail  hree  in>t j! ! j • •  r  - 
have  central  storage  tanks  tiom  which  wa-te  >.:!  -umples 
were  taken.  The  lesults  o!  Cl  R[  analy  ses  ate  >1  >v 
in  I  able  "  Although  time  ai.d  lundme  rest ti.t 
prevented  a  mote  comprehensive  analysts  i 
samples,  the  parameters  considered  must  i:n;  mi.ii:’ 
to i  processing  the  oil  oi  using  it  as  hoilei  :ne!  w.te 
included. 


Source s Conumunanis  in  l  Sc,!  Oii 

Commercial  basestocks  contain  only  very  o’l.i: 
concentrations  ot  metals,  so  these  contaminants  oe 
introduced  to  oil  as  additives,  ot  tiom  weat  onrosmt.. 
or  combustion. g  Additives  which  usually  constitute 
TO  percent,  by  volume,  of  high  giade  ctar.kcasc  mis 
typically  contain  sodium,  barium,  calcium.  /me.  and 
magnesium  compounds.'"  Wear  and  conosnm  p..-.. 
cesses  contribute  aluminum,  copper,  iron,  silicon,  an.: 
tin."  Combustion  of  leaded  fuels  m  gasoline  engines 
may  cause  the  lead  concentiation  in  crankcase  oiis  to 
increase  by  a  tactoi  of  I0.00U  to  as  much  as  I  1  4 
percent  by  weight  l; 

Ot  course,  the  metal  protiles  ot  gasoline  engine  and 
diesel  engine  crankcase  oils  differ;  most  significant  is 
that  used  crankcase  oil  from  diesel  engines  contains  no 


9T.  D  Coyle  and  A.  R.  Sicdlc.  “Metals  in  Oil  Occurrence 
and  Significance  lor  Reuse  of  Spent  Automotive  I  ubneatinc 
Oils."  Proceedings  ot  a  Workshop  on  t It  asurenu  nts  and  Sian 
dards  for  Recycled  Oil  II.  (lailhersliurg.  Maryland.  Njtion.il 
Bureau  of  Slandards.  1977  iNBS  Special  Publication  5 5 . 
1979).  p  197. 

lnB’a.W  Oil  Study  t  Report  to  die  Congress.  PH25  7t>9  3 
(environmental  Protection  Agency  |l  P.A|.  April  19741.  p  IP 

1 1  Waste  Oil  Study,  p  1 6 

'‘Coyle  and  Siedle.  p  23 


II 


Table  4 

Estimated  Waste  Oil  Generated  Annually  by  Various  Tactical  Units 

Vehicle  Counts  Estimated  Waste  Oil  Generated. 

I  nil  Designation  Track  Wheeled  r:,i. 


C  as  .Or  v  Sifa.idion  Ap 

trillion  HjiijIioii  0_s 

i  IIS  M  ml  do  i 

Air  Deleme  Artillery  BN  44 

Military  Police  Group  it, Pi 

Ordnance  CO  2 

I  unspoiution  CO 

Adjutant  General  CO 

Signal  HN 

1  ngincer  BN  12-18 

Military  Intelligence  GP 

Armored  BN  94 

Mechanized  infantry  BN  88 

Medical  GP  1 08 

Infantry  HN 

Supple  ct  Transport  CO 

Avialion  HN 

'Hounded  to  ne\l  highest  10(1  pul. 


incremental  lead  trom  the  combustion  process.1'  This 
is  jn  important  consideration  in  ihe  evaluation  ot'  reuse 
options  discussed  in  Chapter  4.  Additional  metal 
contamination  may  occur  during  the  collection, 
handling,  and  storage  ot  the  used  oils.  Table  5  lists 
some  common  metal  contaminants  and  trace  metals, 
and  their  concentration  ranges  in  used  oil. 

During  use.  crankcase  oil  changes  chemically  and 
physically.  Additives  are  consumed  or  undergo  mo¬ 
lecular  change,  and  lead  and  wear  metals  accumulate 
as  particulates  Organics  are  volatilized  and  inorganics 
are  concentrated  as  oil  losses  occur.14  Zinc  dialkylidtluo- 

Maste  Oil  Preliminary  Report  to  the  Congress  IF  n  v  i  r  o  n  - 
menial  Protection  Agency.  April  19731,  as  cited  in  T.  D  Coyle 
and  A.  R.  Siedle.  Metals  in  Oil:  Occurrence  and  Significance 
tor  Reuse  of  Spent  Automotive  Lubricating  Oils.”  Proceedings 
of  a  Workshop  on  Measurements  and  Standards  for  Recycle  t 
Oil-ll.  Gaithersburg.  Maryland.  National  Bureau  ot  Standards. 
1977  I NIIS  Special  Publication  556.  1979).  p  197 

1 4  Wa  le  O’t  Study  p  13 


43 

8on 

91-111 

400-900 

115 

900 

54 

loo 

46 

4lio 

71.1-13 

300-600 

29 

1 00 

160-222 

600 

214-213 

800- POO 

too 

*  1 

78 

3400 

91 

900 

300 

116 

300 

123 

600 

46 

200 

phosphate,  an  antiwear  additive,  is  degraded  io  nn  egam. 
/inc-coniaimng  substances1'  Accoiding  to  Co>  ie 
and  Siedle.  calcium  dialky  Itupthalene  sulfonates 
jte  parttaily  converted  to  tnoigamc  calcium  com¬ 
pounds  jnd  organic  products  Magnesium  and  barium 
sulfonates  may  hydroli/e  to  produce  their  respective 
hydroxides 

Organic  bromit  compounds  are  added  to  gasoline 
to  scavenge  lead  as  lead  hromde.  Coyle  and  Siedle 
suggest  that  some  ot  the  lead  in  oil  from  gasoline 
engines  is  present  as  lead  dibromide  Lead  is  also 
I  bought  io  be  presem  as  lead  salts  and  chlorides.1' 

(  Versino  and  (  DdSolc.  "Cromatagr.i’ ...  S  Le  Spci 
trototometna  IR  di  Oil  Mineral)  Lubriticam."  I.a  Ri vista  d.t 
Comhustihili.  Vol  26.  No  321  (19721:  C  Versino,  A  H.n 
chiorrini.  and  C.  DclSolc.  "Spettrofotometrta  IR  di  un  Olio 
Mincrale  Lubrificami  Fsausto.”  I.a  Rnista  da  Comhustihili. 
Vol  26.  No.  421  1 1972).  as  cited  in  Cos  le  and  Siedle.  p  203 

1 '  (  os  lc  and  Siedle.  p  203. 

1  Coyle  and  Siedle.  p  200 


I.'uIa.  teii'Uis  metal  putts  .tie  warn  to  produce 
■  v  :.-s  I  c.O.  and  1 e,Oa 

Although  sjVvilu  chemical  and  physical  loans  ol 
metals  in  used  oil  arc  not  entitcly  known,  lilnation 
ana  scnliiluiMiion  have  icvcalcd  small  particles  ol 
lead,  /’ills  calcium,  haimni.  magnesium.  and  iron  1,1 
\s  unis  h  as  Ml  peicenl  ot  l lie  lead  piesent  in  Used 
cianksase  oil  is  believed  to  ocsin  as  line  suspended 
paiticles 

Water  contamination  occuis  .0  a  ptoduct  ol  fuel 
combustion,  sondetisation  and  seepage  into  storage 
laiiks.;i  Walet  ^ on t amt lial t* >n  vatving  irom  O'  t.) 
5 ,s  s  peicent  'n  volume  has  been  repotted  22  An 
analysis  ot'  the  waiei  in  a  contaminated  oil  sample 
mav  show  large  amounts  ot  sodium,  /me.  barium, 
calcium,  iron,  phosphorus,  magnesium,  bo  ion.  tin. 
and  lead  This  implies  that  the  metals  are  present 
m  tonic  oi  sal t  like  torms  Consequently,  simple 
separation  ot  oil  and  water  will  remove  some  inetals.2' 

Generally.  Ijctois  such  as  length  ol  dram  intervals, 
extent  s>t  tuel  leakage  into  the  oil.  engine  operating 
conditions,  and  climate  influence  the  rates  of  chemical 
and  physical  leacuons  in  the  oil.  and  therefore  dictate 
the  oil's  metal  profile.2'4 

Analysts  ot  used  oil  quality  is  important  because  the 
cost  and  effectiveness  of  recycling  processes  depend  on 
the  specific  chemical  forms  of  the  metals.25 

Contamination  During  Handling 

The  most  serious  contamination  may  occur  after  the 
oil  has  been  drained  from  the  crankcase.  During 
Cf'RLs  sampling  exercise,  nearly  all  maintenance  unit 
storage  tanks  were  found  to  have  been  used  as  dump¬ 
sters.  Oil  filters,  rags.  cans,  trash,  and  water  were  in 


'Coyle  and  Stcdle.  p  203. 

'Yoyle  and  Sicdlo.  p  ’03 
"'Yoyle  and  Sicdle.  p  ’.V 
■ 1  Coy  le  and  Siedlc.  p  199 

"D.  A  Becker  and  J  J  Cometord.  Recycled  Oil  Program 
Phase  I  Test  Procedures  for  Recycled  Oil  Used  as  a  Burner 
Fuel.  Technical  Note  1130  (National  Bureau  ot  Standards. 
1980).  p  5. 

2  Yoyle  and  Siedle.  p  207 
24Coyle  and  Siedle.  pp  193.  199 
25Co>le  and  Siedle.  p  199 


these  tanks  CTRL  also  found  significant  concentra¬ 
tions  of  volatile  liquids  probably  solvents  oi  tucU  In 
some  tanks,  up  to  I  ft  of  water  had  accumulated  A., 
of  these  contaminants  make  the  oil  less  valuable  no 
reuse  as  re- refining  stock  or  boiler  fuel. 


Table  5 

Characteristics  of  Used  Oil 

Property  or  He  men!  Used  Oil 

Viscosity  (St'S*  J  4li  Cr  8"  v  8.1' 

American  Petroleum  Institute  19  I  to  5!  ; 

i  API  I  gravity  <60  I  ) 

Specific- gravity  u  S'  m  1  <4 

Water  i  by  volume)  U  2  to  3?  s 

BS  &  W  **  i  :  by  volume)  (i  I  to  4  3 

Benzene  insolubles  U  5 6  k-  .:  33 

(  '  by  volumel 

tijvoline  ("  by  volumel  2  0  to  9  ' 

1  lash  point  i  Cl  “9  lo  2  I  9 

Heating  value  iBtullO  13.570  to  19  tm.i 

Ash.  sultated  i  by  weight)  n  03  lo  6  45 

Carbon  residue  I  '  bv  weight)  1  82  io  4  4  5 

Aluminum  ippmi  u5to8<<" 

Barium  ippmi  9  to  59<ie 

Cadmium  i  ppm)  4 

Calcium  ( ppnr)  211  to  36',".' 

Chromium  i ppm i  8  n  f.1 

Copper  ippmi  4  to  34 s 

Iron  (ppm)  5"  lo  24  j  1 

Lead  ippm)  85  to  21,'OU 

Magnesium  ippmi  10  to  1 10" 

Phosphorus  i  ppm)  319  to  2000 

Silicon  I  ppm)  10  u>  8'5 

Sodrumlppm)  16  to  3Uo 

Sulfur  ft  by  weight)  0.1  7  to  I  09 

Zinc  <  ppm)  260  to  3000 

(Table  derived  from  D  A.  Becker  and  J  J.  Conteford.  Re 
cycled  Oil  Program  Phase  1  Test  Procedures  Jor  Recycled 
Oil  Csed  as  a  Burner  Fuel.  Technical  Note  1130  |  National 
Bureau  ot  Standards.  1980] ;  T.  D.  Coyle  and  A  R  Si-  dle. 
•'Metals  in  Oil  Occurrence  and  Significance  for  Reuse  of 
Spent  Automotive  Lubricating  Oils.”  Proceedings  ot  a  Work 
shop  on  .Measurement  and  Standards  for  Recycled  Oil  II. 
Gaithersburg.  Maryland.  National  Bureau  of  Standards.  1977 
|NBS  Special  Publication  556.  1979|  .1 

*Sl'S  Saybolt  Universal  Seconds 
**BS  &  W:  bottom  settlings  and  water 


13.570  to  19  tm 
0.03  to  6  4  5 
1  82  to  4  45 


9  to  59 lit 


211  to  36',".' 


5"  to  24. 'I 
85  to  2!  .'00 


319  to  2000 
10  to  8'5 


0.1  7  to  I  09 
260  to  3000 


IT 


Table  6 

Lubricating  Oil  Additives  and  Contaminants  Likely  To  Be  Found  in  Used  Motor  Oils 


(Sec  H  A  Bfiftier.  “Metals  in  Oils.”  .4nu/  Chem  Vol  43.  No  185R  |1971].  and  R  t  lem-ll. 
Anal  Chem..  Vol  149.  No.  255R  |1977|.  B.  R  Williams.  “Automotive  Crankcase  Drainings  Used  tor 
Fuel.'*  Proceedings  of  a  Workshop  on  Measurements  and  Standards  for  Recycled  Oil.  Gaithersburg. 
Maryland.  National  Bureau  of  Standards.  1976  (NBS  Special  Publication  488.  1977J.  t'mnejian 
Spu  tra.  Vol  6.  NiV  2  (Sunnyvale.  California.  Finnegan  Corp..  1976]  i 

Primary'  Source  and  Type 
of  Typical  Contaminants 


Typical  Additives 

Antiwear  /me  organo  dilluophosphates. 
organu  phosphorus  compounds. 

Corrosion  inhibitors:  sulfonates,  amine 
phosphates;  organic  phosphites. 

Detergents  and  dispersants,  calcium, 
magnesium,  barium,  and  zinc  sulfonates, 
phosphonates.  and  phenates;  alkenyl 
'.uccminudes;  acrylic  polymers. 

Viscosity  index  improvers:  isobutylene 
polymers,  acrylate  polymers. 

Pour-point  depressants,  polymethacrylates, 
polyacrylamides. 

Antifoam  agents;  silicones,  synthetic 
poly  mers 

Antioxidants,  /inc  orguno-dithiophosphates. 
hindered  phenols,  aromatic  amines, 
sulfur i/ed  phenols. 


Gasoline,  lead  and  lead 
compounds,  halogens 

Additives  /.inc  and  zinc 
compounds,  phosphorus 
compounds,  etc 

Combustion  products: 
polynuclear  aromatics,  water, 
oxygenated  compounds, 
sludge,  varnish. 

Fuel:  volatile  liquid. 

Contamination,  dirt,  wear 
metals. 

Coolant  leaks:  water.  ethylene  glycol. 


The  solid  trash  problem  could  he  corrected  easily  by 
putting  screens  over  the  inlet  holes  of  the  tanks.  There 
'.could  ho  fewer  problems  with  water  in  the  tanks  if 
installations  put  spring  closures  on  the  tank  lids  and 
trained  the  troops  m  proper  disposal  methods.  In 
addition.  Fvirt  Fiustis  personnel  suggested  putting  the 
maintenance  storage  tanks  on  the  outside  of  the 
compound  enclosure.  This  would  allow  easy  access  for 
the  contractor  collecting  the  oil;  additional  piping 
would  peimn  the  tanks  to  be  tilled  from  inside  the 
compound 

Is  Army  Waste  Oil  a  Hazardous  Waste? 

A  material  is  considered  a  hazardous  waste  if:  ( 1 )  it 
is  igmtible.  corrosive,  reactive,  or  toxic  as  defined  in 
subparl  c  of  40  CFR  Part  261.  or  (2)  it  is  listed  in 
suhpart  d  of  40  CFR  Part  261.  the  Hazardous  Waste 
Regulations.  A  facility  emitting  over  1000  kg  per 
month  of  hazardous  waste  is  responsible  for  storing, 
transporting,  and  disposing  of  the  waste  according  to 
the  regulations  in  40  CFR  Parts  260-265. 

Waste  oil  has  not  been  officially  listed  as  a  hazardous 
waste  m  the  Hazardous  Waste  Regulations.  However. 


according  to  an  EPA  report.  .  .the  following  waste 
oils  are  hazardous  wastes,  and  thus  should  he  subject 
to  the  regulations  prescribed  under  Sections  5002 
through  3004  of  RCRA:  ( 1  )  Oil  spilled  to  land,  and 
oily  debris  generated  from  cleaning  up  spills  to  land 
or  surface  water:  (2)  used  automotive  oils:  and.  (5) 
used  industrial  oils."  As  to  whether  the  Army's  oil  is 
"waste"  or  “used"  oil.  the  EPA  report  states:  "Used  oil 
becomes  a  waste  oil  when  ii  is  contaminated  with 
physical  or  chemical  impurities  resulting  from  use.  such 
that  the  oil  cannot  be  reused  lor  its  original  purpose 
without  first  removing  these  impurities"*’''  This 
definition  suggests  that  oil  becomes  a  waste  when  it  is 
removed  from  the  crankcase.  In  FYfs2.  the  EPA  is 
scheduled  to  issue  regulalions  dealing  specifically 
with  waste  oil. 

CERL’s  analyses  of  waste  oil  storage  tank  samples 
revealed  that  oil  should  be  considered  a  hazardous 


26  Report  to  Congress  lasting  of  Wash  Oil  as  a  Hazardous 
Waste  Pursuant  to  Section  (8)121.  Public  Law  ofi-drz  i h PA. 
January  1981). 
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Table  7 

CERL  Army  Waste  Oil  Analysis 


Fort  Benning  t  ort  Bragg  l-ort  Eustis 


Upper 

Sample 

Middle 

Sample 

Top 

Sample 

Upper 

Sample 

Middle 

Sample 

Top 

Sample 

Upper 

Sample 

Middle 

Sample 

Density  ig/ccl 

0  903 

0  902 

0  911 

(1910 

0  912 

0  912 

0  907 

0  985 

Specific  gravity 

0  890 

(l  884 

0  895 

0  892 

0  892 

o  892 

0  901 

0  yX9 

Sulfur  (  : ) 

0.61 

0.71 

0  30 

0  33 

0  33 

0.71 

0  83 

0  3 1 

Heating  value 
Btu/tb 

Btu/gal 

19.000 

143.000 

19.000 

143.000 

15.70U 

1 19.000 

15  loo 

1 15.000 

16.100 

122.000 

18.  •’00 
142.0U0 

18.800 

142.U0O 

7.800 

64.000 

Bottom  solids  & 

W  ater  <  " ) 

0.41 

0.50 

2.0 

6  6 

7  6 

0.2 

0.2 

6  5 

f  lash  point  (  C ) 

85 

80 

50 

42 

46 

52 

41 

46 

Viscosity  1 100  F) 
(eSt) 

298 

102 

16 

217 

255 

">  *>  7 

219 

812 

Lead  (ppm) 

480 

310 

10 

70 

22o 

80 

80 

20 

Ash  CD 

1.40 

2.05 

0.29 

0-12 

0.17 

3.66 

3.77 

3  16 

Polychlorinated 

sit) 

<1.0 

1 .0 

<1  0 

<10 

<  1  U 

••10 

•  l.J 

biphenyl  (PUB) 
(ppm) 


waste  regardless  of  the  new  regulations.  The  igniubility 
test  for  a  hazardous  waste  is  defined  in  40  CFR  Part 
261.21.  If  a  liquid  has  a  flash  point  of  less  than  I40’F 
(60T).  then  it  is  ignilible  and  is  a  hazardous  waste.  All 
samples  tested  from  Forts  Bragg  and  Eustis.  and  at 
least  one  sample  from  Fort  Benning,  had  flash  points 
below  140  F.  This  test  probably  shows  the  presence  of 
solvents  or  fuels.  Improved  management  by  segregating 
waste  oils  trom  other  liquid  wastes  should  alleviate 
problems  with  ignitihility. 

Even  If  Army  waste  oil  were  classified  a  hazardous 
waste,  it  is  not  subject  to  the  notification  requirements 
of  RCRA  Part  261.6  of  the  Hazardous  Waste  Regula¬ 
tions  exempts  wastes  that  are  "being  beneficially  used 
or  leused  or  legitimately  recycled  or  reclaimed"  from 
regulation  under  Parts  262  through  265.  and  from  the 
notification  requirements  of  Section  3010  of  RCRA. 
However,  this  means  that  installations  must  be  careful 
that  all  used  oil  is  reused  and  none  is  disposed  in 
another  manner. 


4  REUSE  OPTIONS 

Current  Policy 

The  4  June  ll>'0  memoiandum  from  the  Assistant 
Secretary  ol  Defense  (Manpower.  Reserve  Affairs, 
and  Logistics)  limits  the  options  for  disposing  of  used 
lubricating  oil.  The  memorandum  directs  Defense 
agencies  to  sell  as  much  oil  as  possible  through  DPDOs 
to  le-reliners.  and  to  bum  t lie  used  oil  as  a  luel  when 
re-refuting  is  not  economical  Disposal  piactices  such  as 
using  ihe  oil  for  weed,  insect,  and  dust  control,  burning 
it  in  open  pits,  and  dumping  it  into  landfills  or  sewers 
are  rejected  as  environmentally  unacceptable.27 

A  GAO  repori  to  Congress  recommends  another 
option  for  recycling  DOD's  used  oil  This  report 


2 ^ “Oil  Recycling  and  Reuse  Policy."  Memorandum  for  the 
Secretaries  of  the  Military  Departments,  the  Directors  Defense 
Agencies  (Assistant  Secretary  of  Defense  |Manpuwer.  Reserve 
Affairs,  and  Lopistics | .  June  4.  1 0 79 > 
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pioposos  j  "closed  cycle''  sy stem  in  which  a  major 
\miv  in>iall.ni»n  piovides  used  oil  as  a  teed  sioek  tor 
a  le-ietmei  and  then  buys  back  the  processed  oil 
The  12  January  11>M  memorandum  from  the  Assistant 
Societal}  ol  Defense  (Manpower.  Reserve  Allans,  and 
l  ogisncsf  endoises  tins  option.21' 

Re-Refining 

Re  ielmeries  buy  bulk  quantities  of  used  oil  at  a 
wide  i.mge  ol  puces,  depending  on  factors  such  as  ihe 
quality  ot  the  used  oil  competition,  and  soon.  I'sed 
oil  is  often  btought  to  these  companies  by  independent 
haulers  who  act  as  middlemen  between  the  waste  oil 
gcneratoi  and  the  piocessois  Most  .Arms  installations 
are  now  selling  then  oil  to  these  independent  hauleis 
The  amount  paid  to  the  installation  varies  acioss  the 
s on n try .  i.ingmg  from  less  that)  $.  1 0  per  gallon  to  more 
than  y  .'0  pei  gallon  After  the  waste  oil  l-.as  been 
lepvocessed.  it  is  sold  as  lubricating  oil  at  SI  50  to 
S-'  00  pet  gallon  Appendix  A  bnefly  describes  various 
ic  refining  processes,  and  Appendix  B  lists  reprocessing 
companies 

Used  Oil  as  a  Fuel 

When  economically  feasible,  used  oil  may  he  burned 
as  a  boiler  fuel.  Ot  couise  the  costs  of  using  this  option 
for  disposal  depend  on  the  boiler  fuel  system  currently 
used  ai  lallation. 

The  three  facilities  CFRL  visited  duung  the  sam¬ 
pling  survey  were  all  using  waste  oil  as  a  boiler  fuel.  As 
with  these  three  boilers,  conversion  to  waste  oil  burn¬ 
ing  is  much  more  feasible  if  a  liquid  fuel  system  is 
already  in  use.  Figure  1  is  an  example  of  a  design  for 
adding  waste  oil  as  a  supplemental  boiler  fuel. 

Impurities  usually  have  to  be  pretreated  before 
wasie  oil  can  be  used  as  a  fuel;  the  design  in  Figure  I 
includes  screens  and  filters.  A  system  for  eliminating 
and  treating  wastewater  must  also  be  provided.  Sus¬ 
pended  metals  and  other  contaminants  may  cause 
air  pollution  problems.  As  Table  8  indicates,  the 
Army's  waste  oil  ranges  from  safe  in  all  categories 
lo  unusable  wilhout  air  pollution  controls  on  the 


wWavs  the  Department  of  Defense  Can  Improve  Oil 
Recycling  K  .cner.it  Accounting  Office.  Report  io  Congress. 
September  28.  I 977). 

2 ’“Defense  environmental  Actions  for  1981.”  Detense 
environmental  Quality  Program  Policy  Memorandum  No  81-1 
(Assistant  Secretary  of  Defense  |Manpower.  Reserve  Affairs, 
and  Logistics | .  1 1  January  1981). 


boilers  An  pollution  piohleins  probably  would  result 
trom  particulate  levels  and  lead  emissions 

Table  ,S  lisis  FP.A-recommended  limns  on  the 
characteristics  of  wasie  oil  used  as  a  tuel  Appendix 
C  is  a  detailed  assessmenl  ot  wasie  oil  as  a  boiler  tuel 

Closed  Loop  Recycling 

The  closed  loop  system  is  die  most  piomising 
option  for  reusing  waste  ml  The  Aimy  is  not  now 
Using  ibis  method,  but  the  railroad  and  juto  industries 
are  having  success  with  it.  and  it  was  used  by  the 
military  during  WoilJ  Wji  II  Closed  loop  leeyclmg 
was  not  possible  betoie  Janu.ny  ITxO  because  MILL 
4(>I52.  toi  administrative  service  vehicles,  and  MIL-L- 
'104.  for  lacticai  vehicles,  did  not  allow  used  oils  as  a 
feed  stock  However  (ho  administrative  vehicle  specifi¬ 
cation  lias  been  amended  ( MIL  L  40  1 52B ).  and  the 
tactical  vehicle  specification  will  be  amended  by 
mid-iosd  to  allow  used  oil  as  feed  stock.  This  change, 
along  with  the  memoumda  mentioned  earlier  permits 
closed  loop  re-refinmg.  All  re-refiners  contacted  In 
CTRL  have  stated  that  they  are  mteiested  in  closed 
loop  ugicements. 

The  major  obstacle  to  the  Army  's  using  closed  loop 
agreements  extensively  is  the  cost  of  qualifying  an  oil 
to  meet  MIL  l -4ol?2  requirements.  For  a  re-refiner's 
product  to  quality  under  MIL-L-40 1  5 2B.  it  must  pass 
expensive  eng, tie  sequence  tests  Re  iefiners  have  stated 
tltai  the  $50,000  cost  of  the  engine  text  has  kept  them 
from  trying  to  quality  then  oil.  However,  they  said 
they  would  be  interested  if  the  cost  of  testing  could 
be  included  in  the  closed  loop  agreement. 

Economic  Comparison 

To  determine  which  disposal  method  to  use.  the 
waste  oil  manager  must  assess  the  costs  and  benefits  of 
each.  The  manager  should  consider  several  factors, 
which  vary  from  installation  to  installation:  current 
waste  oil  management,  availability  of  large  storage 
facilities,  present  boiler  tuel  system,  proximity  of 
re-refiners,  and  waste  oil  transportation  costs.  A 
manager  would  probably  use  the  following  method 
to  analyze  the  options. 

1 .  Selling  oil  to  private  collector. 

SReturn  =  no.  of  gal  of  waste  oil  X  S/gal  (going  rate 
paid  by  collector). 

2.  Using  oil  as  a  boiler  fuel. 

$  Return  =  ($  value  of  replaced  fuel)  (S  cost  of 
handling,  storage,  filtering,  and  piping  facility). 
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Figure!.  Conceptual  flow  system  scheme  for  waste  oil  dispnvil  •>>  stem  (From  P  L.  Fink  and  I  W  Ja<.k:>on  It'a'srr 
POI.  Disposal  Through  Hnergy  Recovery  |Air  Fouc  Civil  Fngincenng  (Vntei.  June  r>~n]  ) 


Table  8 

Characteristics  of  a  Used  Oil  Which  May  Be  Combusted 
With  Little  or  No  Environmental  Risk 


Characteristic* 

loljl  jsh  =.  0  37  ihy  weight) 

Lead  content  -  5U  ppm 

C  hlorine  0  4/<weight) 

PC'B  <  50  ppm 


BS&W  •  I 


Clash  point  >  i40',l- <60°C) 


Sulfur.  *»  0.2'"  (by  weight) 
«,  0.5'7  (hv  weight) 


Comment* 

equivalent  to  0  1 2  giams/SCI  emission 
1(1' .  excess  air) 

Meets  many  slate  and  local  regs  when 
burning  100'i  used  oil 

Meets  almost  all  local  ambient  air 
quality  standards  when  burning 
1 00'  .'  used  oil. 

Normal  for  used  oils  indicating 
no  contamination  by  chlorinated 
solvents. 

Consistent  with  PCB  criteria. 

40  O  R  Part  761 

Indicator  absence  of  substantial 
water  and  sediment  which  may 
contribute  to  emission  or  burning 
problems. 

Corresponding  to  hazardous 
waste  classification  under  RCRA. 

Probably  meets  all  State  reps 

Probably  meets  most  Slate  regs. 


CERL  Analysis 
of  Army  Waste  Oil 

0.12  lo  3  77 


J  Oio  4KU  ppm 


Noi  analyzed 


Less  Ilian  I  0  ppm 


0  :  to  7  6 


41  to  85  C 


0  3  to  0.8' 


'  I  rom  Ust\ /  Oil  Burned  as  a  f  uel  Vol  I .  SW  892  ( CPA.  1980).  pp  1-7.  1-8. 


.3  Entering  into  a  closed  loop  purchase  agreement.  I  Sold  to  private  collector. 


SReturn  =  (Svalue  of  replaced  new  lubricating  oil) 
—  (S  cost  of  closed  loop  agreement,  transportation  to 
ami  from  re-refining,  and  cost  of  re-refining  oil). 


a  Costs:  none. 

b.  Savings  =  S.  1  5/gal  X  100.000  gal  =  SI 5.000  scui 


Perhaps  the  best  way  to  compare  alternatives  is  to 
assume  a  hypothetical  situation.  Suppose  an  installation 
produces  100.000  gal  of  used  oil  per  year.  Assume 
major  contamination  has  been  eliminated  by  good 
management,  and  all  of  the  oil  can  be  shipped  to  a 
vacuum  distillation  re-refiner.  Also  assume  (hat  all 
maintenance  units  have  storage  tanks  accessible  to  a 
contractor,  and  that  administrative  contracting  costs 
are  the  same  for  all  three  options.  All  dollar  figures 
are  approximate  norms  derived  from  reported  actual 
expenses. 


Net  Value  =  $.  1 5, gal  . 

2.  Used  as  a  boiler  fuel. 

a.  Costs:  Retrofit  at  boiler  and  oil  stoiage  (assume 
20-yr  life)  =  S75.000  (S3750/yr) 

Cost  to  transfer  oil  to  boiler  storage  - 
S.  10/gal  X  100.000  gal  =  $10.000, yt. 

Total  costs  =  $  1 3,750/yr. 
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I'  Savings  HM1.000  gal  ol  used  ml  will  replace 
about  85.000  gal  ol  No.  4  fuel  oil.  due  to  dillerenees 
m  healing  value. 

85.000  gal  X  $. 90/gal  =  $7<>.500/yr. 

Net  Value  =  7h.500  14.750  =  S(>2.750/yr.  = 

S.o3/gal  . 

3.  Closed  loop. 

Assume:  80  percent  of  volume  is  returned  as  new 
oil:  re-refinery  is  200  mi  from  installation. 

a.  Costs  for  transportation: 


part  ol  the  lirsl  lank  and  pumped  into  the  second 
tank.  This  allows  much  o!  the  water  and  heave  sedi 
ment  to  settle  in  the  bottom  of  the  tiisl  lank  where 
it  can  be  drained  off  periodically  The  characteristics 
of  this  water  and  sediment  have  nol  been  determined 
the  pollution  potential  should  he  analyzed 

Interviews  with  boiler  operators  indicate  that  water 
contamination  may  be  beneficial  The  operator--  say 
that  oil  containing  as  much  as  It)  peicent  water  will 
burn  successfully  in  the  boilers,  and  that  watei  acts  as 
a  steam  cleaner  and  may  actually  decrease  maintenance 
on  the  inside  of  the  boiler.  Water's  effect  on  combus¬ 
tion  efficiency  (zero  BTl'Vlb)  and  the  quality  ot  the 
stack  emissions  is  not  known,  and  should  be  determined. 


10 


100.000  gal  waste  oil  _ 

ts.HH)  gal  trip 

200  mi  Si. 20 

trips  X  - : —  X  - — 

trip  mi 


Its  trips; 
=  $3840. 


80.000  gal  re-refined  oil 

6300  gal  trip 

200  mi  SI. 20 

1 3  trips  X - X - —  = 

trip  nn 


1 3  trips; 
S3 1 20. 


Transportation  cost  =  $6960. 


b.  Savings  =  (80.000  gal  X  S3. 10  gal  for  new  oil 
purchase)  —  (80.000  X  $  1.60/gal  fee  for  re-refining 
service)  =  Si  20.000/yr. 

c.  Net  Value:  S120.000  -  7.000  =  SI  13.000/vear  = 
SI.  13 /gal  . 


The  above  costs  are  lor  approximate  comparison 
only  and  do  not  reflect  all  costs  associated  with  the 
management  of  waste  oil.  The  following  expenses  also 
should  be  accounted  for:  administrative  costs  of 
contracting,  pretreatment  costs  of  the  waste  oil  to 
remove  water  and  sludge,  disposal  costs  for  the  water 
and  sludge,  possible  increased  maintenance  at  the 
boiler  facility,  and  improvements  to  the  present 
storage  and  collection  facilities 

Pretreatment 

The  three  installations  CERL  visited  use  pretreat¬ 
ment  for  their  waste  oil  boiler  fuel.  All  are  similar  to 
the  system  shown  in  Figure  1.  but  one  important 
difference  is  that  the  installations  have  their  two 
storage  tanks  in  series,  rather  than  in  parallel,  as 
shown  in  the  figure.  Oil  is  drawn  from  the  upper 


Pretreating  oil  sold  to  re-retiners  does  not  seem  to 
be  common,  though  it  may  be  to  the  Army's  advan¬ 
tage.  Sludge  and  particulates  in  the  feed  oil  to  acid-clay 
re-refining  increase  the  volume  of  waste  sludges  Iroin 
the  process,  and  thereby  decrease  the  volume  of  the 
product  oil.  Though  the  contaminants  may  t'ave  less 
effect  on  vacuum  distillation,  the  process'  costs  still 
must  increase. 

Pretreatment  could  be  most  important  for  closed 
loop  recycle  agreements.  By  decreasing  the  cost  ol 
re-refining  by  using  ireireatinent.  the  finished  oiix 
cost  to  the  Army  will  he  lower.  The  best  pre-treatment 
process  still  needs  to  be  determined. 

Environmental  Considerations 

The  Army's  first  priority  for  improving  waste  oil 
management  would  probably  be  to  remove  solvents, 
waste  fuels  and  sludges  from  the  used  oil.  This  should 
eliminate  two  immediate  problems:  handling  the  used 
oil  as  a  hazardous  waste  and  gaining  approval  of 
Army  boilers  as  hazardous  waste  disposal  facilities 
However,  solvents  and  sludges  would  then  have  to 
be  dealt  with.  The  most  effective  techniques  for 
properly  disposing  of  or  reusing  these  wastes  need 
to  he  determined 

In  addition,  waste  oil  managers  should  ensure  the 
proper  disposal  of  solid  and  liquid  wastes  coming 
from  the  pretreatment  of  the  waste  oil  The  sediment 
and  water  drained  from  the  bottom  of  storage  tank-, 
and  filtration  units  contain  emulsified  oil  and  metals 
in  solution  or  in  suspension  To  prevent  these  from 
entering  groundwater  oi  surface  water,  the  waste 
water  should  be  collected  and  drained  to  a  sanitary 
sewer,  or  preferably  to  an  oil-water  separation  unit 
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piecedmg  the  sanituiy  sewer.  A  characterization  study 
should  he  done  on  this  waste  stream  to  determine  to 
wh.il  extent  it  is  a  pollution  hazard. 

As  mentioned  pieviously,  burning  waste  oil  may 
cause  atr  pollution  problems  it'  ambient  air  standards 
lor  lead  or  particulates  are  violated.  The  source  of  lead 
m  waste  oil  is  undoubtedly  leaded  gasoline,  because 
new  oil  contains  no  lead  additives.  If  waste  oil  is 
burned  as  a  boiler  fuel  and  lead  becomes  an  air  pollu¬ 
tion  problem,  then  the  installation  should  consider 
restricting  or  prohibiting  the  use  of  leaded  fuels  in 
vehicles.  Filtration  alone  may  lower  particulate  levels 
enough.  Pretreatment  studies  need  to  be  done  to 
decide  how  to  make  Army  oil  safe  for  use  as  a  boiler 
fuel. 

The  problem  of  waste  oil  spillage  can  be  addressed 
immediately.  Oil  is  often  spilled  while  being  transferred 
from  crankcase  to  storage  tank  or  from  storage  tank  to 
transporting  vehicle.  This  oil  is  then  washed  away  by 
storm  water  and  may  contaminate  surface  or  ground- 
water  supplies.  To  preven.  this,  storage  tanks  should 
be  placed  on  a  smooth,  impervious  surface  with  bertning 
to  contain  spills  and  to  allow  drainage  through  an 
oil-water  separator  to  a  sanitary  sewer. 


6  CONCLUSIONS  AND 
RECOMMENDATIONS 

This  report  has  evaluated  the  economic  and  environ¬ 
mental  aspects  of  used  oil  management,  emphasizing 
waste  oil  reuse.  It  is  concluded  that: 

I.  Closed  loop  agreements  to  re-refine  the  Army's 
waste  oil  appear  to  be  the  most  economical  option  for 
disposal.  However,  the  cost  to  qualify  re-refined  oil 
under  MIL-L-46I52B  prevents  most  re-refinets  from 
entering  into  these  agreements.  When  deciding  whether 
a  closed  loop  purchase  agreement  with  a  re-refiner  is 
practical.  Army  installations  should  consider  including 
the  cost  of  qualifying  the  oil  for  the  military  specifica¬ 
tion  in  the  total  cost  of  the  contract. 

2.  Using  waste  oil  as  a  boiler  fuel  is  also  a  disposal 
option,  but  may  cause  air  pollution  problems  because 
of  contaminants  in  the  oil.  The  effects  of  these  con¬ 
taminants  on  ambient  air  quality  should  be  quantified 
to  determine  the  usefulness  of  waste  oil  for  boiler  fuel. 


3.  Contaminants,  especially  trash,  solvents  and 
water,  in  the  Army's  waste  oil  can  decrease  its  value 
for  re-refining  and  for  burning.  Pretreatment  ot  the 
oil  may  be  required.  The  effect  of  such  contaminants 
on  the  value  of  oil  should  be  quantified. 

4.  Volatile  organics  found  in  samples  of  Army 
waste  oil  make  this  product  a  hazardous  waste  undei 
the  flammability  criteria  of  the  Hazardous  Waste 
Regulations.  The  most  likely  source  of  this  contamina¬ 
tion  is  the  dumping  of  waste  solvents  and  fuels  into 
waste  oil  storage  tanks.  Collection  and  stoiage  should 
be  managed  so  that  used  oil  is  not  contaminated  with 
solvents  or  fuels. 

5.  Water  and  solids  drained  from  the  bottom  of 
waste  oil  storage  tanks  sometimes  are  allowed  to  run 
onto  the  ground  and  may  pollute  surface  water  and 
groundwater.  Water  and  solids  should  be  analyzed  to 
determine  their  pollution  potential.  Wastewater  should 
he  collected  and  drained  to  a  sanitary  sewer. 

b.  Oil  is  frequently  spilled  on  and  around  waste  oil 
storage  tanks.  This  oil  could  be  carried  away  by  storm 
water  run-off  and  cause  a  pollution  problem.  Storage 
tanks  should  be  placed  on  or  buried  under  a  non- 
absorbing  surface  with  benning  to  contain  oil  spillage 
and  direct  run-off  through  an  oil-water  separator  to  a 
sanitary  sewer. 

7.  Waste  oil  storage  tanks  at  maintenance  units 
are  not  always  accessible  to  contract  collectors,  noi 
are  they  designed  u>  prevent  trash  from  being  deposited 
in  the  tanks.  Where  possible,  siorage  tanks  should  be 
placed  outside  maintenance  unit  compounds,  with  the 
tank  inlet  inside  the  compound  The  inlets  should  have 
screening  to  keep  trash  out  of  the  tanks. 
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APPENDIX  A: 

RE  REFINING  PROCESSES 


Acid-Clay 

Acid-clay  is  probably  the  most  common  re-refming 
process  in  the  l  imed  States  ( Figure  All  A  preueat- 
ment  step  to  remove  debris  and  water  usually  precedes 
the  process  Alter  passing  through  grids  and  scieens. 
five  water  is  allowed  to  settle  The  oil  is  then  de- 
hydiated  at  500  F  and  atmospheric  pressuie  Betoie 
going  t s'  acid  treatment,  the  oil  ts  cooled  to  100  F 
ovei  2  days 

The  acid  lieatment  is  peitoimed  with  '>2  peicenl 
sultunc  acid  m  volumes  of  4  to  (>  peicenl  of  the 
reactoi  volume.  The  coagulation  reaction  occurs  in 
24  to  48  houis.  The  acid  sludge  which  contains  the 
contaminants  and  ash  from  the  oil  is  drawn  off  and 
disposed  of 

The  clay  treatment  removes  light  fuel  fractions, 
mercaptuns.  and  colot  bodies  from  the  oil  The  process 
occurs  at  500  to  o00‘ "I-"  and  takes  15  to  I o  houis  The 
clay  itself  consists  of  activated  clay  and  diatomaceous 
earth  (200  to  250  mesh)  About  0.4  lb  of  clay  is 
required  per  gallon  of  oil. 

The  final  step  is  a  filtering  process.  The  oil  passes 
through  a  filter  press  at  250  to  500°F  It  may  be 
filtered  more  than  once  to  achieve  a  desired  quality. 
The  finished  oil  is  sent  to  storage,  where  additives 
may  he  mtioduced. 

A  typical  acid  clay  process  yields  45  to  75  percent 
of  the  feed  oil.  depending  largely  on  operating  con¬ 
ditions  and  feed  composition.  The  product  of  an 
acid-clay  process  is  a  solvent  neutral  blending  stock 
with  a  viscosity  (Say bolt  Universal  Seconds  (SUSj. 
2 I0°F) of  55  to  58  seconds,  corresponding  to  a  Society 
of  Automotive  Engineers  (SAF)  20-weight  oil."  Diesel 
crankcase  drainings  as  feed  stock  produce  a  heuvtei 
SAF  40-weight  oil  with  a  viscosity  (SUS.  2I0  F) 
of  80  to  85  seconds. " 


'°  Wash'  Oil  Stuily  -1  Report  to  the  Congress.  PB  25  7693 
<1  PA.  April  19741,  pp  35-37 

"  ll ’jsie  Oil  StuJy.  I’  40. 

'"ti  .1  M.rseetlr  and  II  M.  White.  f  till:, irion  ol  Lsed  Oils. 
I  in.il  Report.  I  S.  Department  ol  I  nergv  Contract  FY-76-C 
03-110)  003/A1R787384I  (August  1978) 


The  in.qoi  disadvantage  ot  the  pin,  ess  is  disp. 's.ng 
ot  the  large  volumes  ot  acid  sludge  n  gene'  iic'  I  ho 
sludge  is  piodiued  at  a  volumetik  rate  ol  1  In  ot  the 
oil  feed  rate,  at  least  )  10  ot  the  incoming  oil  itsci!  is 
contained  in  the  sludge  Specitically  the  sludge  ,mi 
tains  sir  1 1  u  nc  acid,  combustibles,  lead.  orgaiH’inetalius 
sulfonates,  and  possibly  some  caieinogenic  mateiiuls  “ 
The  tact  that  50  to  50  peicenl  ot  tire  sludge  i'  soluble 
complicates  the  disposal  dilemma  Hie  sludge  is  ,o::i 
bust ible .  but  should  not  be  burned  because  .4  the  high 
concentration  of  sulfur  oxides  and  very  tine  metal 
containing  paniculate's  present  u 

The  spent  clay  is  composed  ot  polai  compound' 
such  as  oxygen  and  niliogeiuontaining  otgatius 
The  oil  content  is  apptoximalely  20  io  to  pen  cut 
Generally  .  the  spent  clay  o  not  a  disposal  pioblem  " 

Vacuum  Distillation 

Vacuum  distillation  picsents  no  venous  dispsis.d 
pioblem  (Figuie  A2I  The  piocess  consists  ot  tl.iec 
steps  pietieatment.  distillation,  and  finishing  I  in’ 
prelieatment  is  a  deity  diation  step  Tue  <>il  is  heated 
to  500'  F  at  atmospheuc  piesstne  The  oveihe.nl  is  sent 
lo  a  decantation  piocess  and  (lie  bottoms  ate  mixed 
with  caustic  and  naptha  to  break  up  oil-w.itei  emul 
sums  and  precipitate  solids 

The  distillation  occuts  at  "00  F  (5  “I  G I  with  a 
vacuum  of  2“  in  ofMgto8o  mm  of  lie).  The  oveihe.nl 
goes  lo  the  plant  fuel  The  bottom  may  have  an  ash 
content  as  high  as  10  to  25  peicenl.  depending  on  tin 
extent  of  pre-treatment  and  teed  stock  cltatacteiisiics 
The  bottoms  are  also  higher  m  siiltm.  mitogen,  oxygen 
and  acidity  than  the  feed  stock  Finally .  lead  is  con 
centtaled  in  the  bottoms,  which  may  have  a  Kid 
content  of  5  to  15  peicenl  The  middle  cut.  ot  lube 
distillate,  is  sent  to  a  finishing  piocess  (caustic  clav 
treatment  or  Irydtotieatment  I  and  sold  as  lube  oil  The 
propeilies  ol  oil  processed  by  vacuum  distillation  ate 
listed  in  Table  A I 

The  distillation  process  is  advantageous  because 
more  than  one  cut  may  he  taken  otl  the  middle  ol  the 
towel  ti>  produce  several  pioducts  with  ditleieut 
viscosities.  One  can  expect  a  "0  peicenl  y  lei  1  (torn  a 


"u’es/f  Oil  Slii.lv.  p  44 
u  baste  Oil  Study,  pp  44-45 
K  Waste  Oil  Study,  p  45 
'"iTasre  Oil  Study,  p  4(> 


Figure  Al.  Avid-clay  proves v  (From  A  Technical  and  l-<ononiic  Study  of  llin/r  Oil  Kcconrv.  Van  III 
Inimical  and  Institutional  Harriers  to  Waste  Oil  Recovery,  IMP  !7(.()  |  (PA  Ounhci  l«*~  A| 


PRE  TREATMENT  I  VACUUM  DISTILLATION 


Fable  A I 

Properties  of  Used  Lubricating  Oil  Processed  by  Vacuum  Distillation 

llromM  L  \Musmau.  J  (ujii/inpi'i,  .mil  1  O  Cotton  i.uhrnuiim:  < hi  K>  ' 

Si>HU  ltmo\Jli\c  \ppruui  hi  s  ht  Rt  cldirrvni'  t  \t  J  Oil  \  C  S  H;ir»  tu  ol  Mud  .  I‘)74| 


Cold  trunking  simulator  (apparent  viscosity) 
Not  available 


vacuum  disiill.ition  le-tefimne  process.  which  is  the 
most  that  will  he  attained  willl  the  acul  clay  pi-kess 
Ilk'  piodlk  I  quality  is  computable  U>  ihal  ol  I  lie 
■k  id  c  lay  pi  sk  Css 

Solvent  Extraction  and  Clay  Treatment 

•\  propane  exu.ktiou  re  lelinmg  pioeess  is  shown 
in  figure  \5  The  geneiul  iie.iimeiu  scheme  is  theim al 
Jchvdiation.  precipitation  and  solvent  extraction, 
vacuum  distillation  Jdd  and  clay  treatment,  and 
dilution 

Piopane  is  list,  d  to  selectively  extiact  the  base  In  he 
stock  troii)  additives  and  mipui H ics  The  propatie-to 
teed  stock  latto  must  be  15  to  20.1  lot  a  high  quality 
product  I  he  propane-oil  mixture  is  removed  trom  the 
extractor,  and  the  propane  is  Hashed  trom  the  oil  and 
recycled.  The  residue  at  the  unit  bottom  is  a  dark, 
asphaltic  substance  containing  oxidized  hydrocarbons 
and  suspended  solids. 

The  reeoveied  lube  oil  next  undergoes  an  aenl-elay 
treatment  similar  to  that  described  eailiei  Because  a 
sigmtieant  amount  ol  sonl.iminatioti  has  (seen  re¬ 
moved.  the  acid  and  slay  doses  ate  only  halt  ol  what 
would  be  used  in  an  acid-clay  ic  letinmg  pioeess  The 
final  step  is  dilution  ,’1 

The  wastes  from  the  process  ate  the  distillation 
bottoms,  acid  sludge,  and  spent  clay  Even  though  the 
sludge  and  clay  quantities  are  smallei  than  those  from 
an  ucid*ciay  process,  the  disposal  pt  vblem  is  sigmfieant 
because  ol  the  waste's  ehaiaetenstks  The  solot  and 
color  stability  qualities  of  the  product,  however,  are 
superior  to  that  ot  an  acid-clay  process.'4 

Phillips  Re-Refined  Oil  Process 

The  Phillips  Petroleum  Co.  has  developed  the 
Phillips  Re-Refitted  Oil  Process  (PROP)  Phillips  sells 
modular,  skid-mounted  PROP  units  that  can  treat 
2.  5.  and  10  million  gallons  per  year,  at  costs  of  SI. 8. 
$.V  I .  and  S4.3  million,  respectively 

The  process  begins  by  mixing  diammomum  phos¬ 
phate  (DAP)  with  heated  oil  lo  remove  the  metals 
Metallic  phosphates  are  formed  and  removed  by 
filtration.  Trace  inorganics  are  then  removed  by  mixing 
the  oil  with  hydrogen,  percolating  it  through  a  bed  of 
clay,  and  passing  it  over  a  nickel  molybdate  catalyst. 

X1  Waste  Oil  Study,  p  37. 

v'wastr  Oil  Study,  pp  40-42 

"’Waste  Oil  Sttiilv.  p  42. 


Tile  treated  oil  is  Hashed,  tooled  jnd  put  throach  a 
stripper  to  remove  anv  lemaining  fuel 

The  requirements  ioi  a  2  million  gallon  pel  y-.-jt 
process  are  0(j(J  lb  hr  ot  150  psi  'team  *s5  kH  ;,i 
ot  elecliicity.  500  gal  hi  tooling  water,  and  liS~ 
million  Btu  hr  fuel.  Avoiding  to  Phillip-  the  pn-tcs 
reeovets  0(1  percent  ot  the  waste  ml  tontaimne  less 
than  I  (J  ppm  metals. 

Wa-tes  trom  the  process  iiklude  the  tide:  .ake 
If  out  the  demetallization,  winch  Phillips  says  ot,  be 
deposited  in  a  sanitary  iandtiH.  ami  sonic  w.istewjte: 
which  can  be  sent  without  pretieatuienl  in'o  j  sanitary 
sewet 

Wastewater 

Wastewater  from  re-tefimng  operations  originates  as 
water  separated  from  new  dram  oil.  cooling  water  Hum 
heat  exchangers,  contaminated  cooling  water,  watei 
trom  condensed  steam  that  contacts  the  oil.  plant 
runoff  water,  and  water  Iron)  vent  gas  scrubbers4"  The 
w.itet  can  he  expected  to  contain  some  metals  as 
dissolved  or  suspended  solids,  as  well  as  dissolved 
phenols  and  other  organks.  and  suspended  or  emul 
st t led  oil  41  Wastewater  characteristics  depend,  ot 
course,  on  the  re-refinttig  process  ar  i  the  teed  stock 

Treatment  facilities  required  at  a  re-refinery  depend 
on  cooling  water  and  vacuum  facilities,  wjter  eontamt- 
njtion  ot  the  feed  stock  runotf  problems,  land  avail¬ 
ability.  legulations.  and  local  sewage  treatment  plant 
availahtlily  4:  Typically,  acid-clay  and  dislilljtion-cljy 
plants  are  equipped  with  otl-watei  separatois  and 
neutralization  facilities.4'’ 

Air  Pollution 

A  properly  operating  re-refinery  emits  very  tew  an 
pollutants,  sources  of  these  are  vents  Horn  pioeess 
and  wastewater  treatment  units,  jnd  slot  age  tanks. 
Emissions  may  be  discharged  to  a  furnace  where 
combustible  materials  are  burned.  Any  odors  from  a 
plant  are  probably  due  to  esters  and  othei  organic 
compounds  containing  oxygen  and  nitrogen.  Very  low 
concentrations  of  organic  sulfur  compounds  may  be 
emitted.  Acid-sludge  processes  may  produce  SO- 
andSOj.44 

4t>h'asr<-  Oil  Study,  p  46. 

41  Wash-  Oil  Study,  p  47 

4‘  Waste  Oil  Study .  p  39 

41  Waste  Oil  Study,  p  46 

44  Watty  Oil  Study.  p47 
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Figure  A3. 


APPENDIX  B: 

WASTE  OIL  RE  REFINERS 
AND  PROCESSORS 


Arkansas 

Henley  Oil  Company 
PO  Box  141 

Norphlet.  Arkansas  7 1 7 5 c> 

Telephone:  50 1  546-2582 
Contact.  Charles  W.  Henley 

California 

Baystde  Oil  Corporation 

477  Bransten  Road 

San  Cat  Ids.  California  44070 

Telephone  415  5'*  »  2444 
Contact:  A.  Ray  Banks 

Leach  Oil  Company.  Inc. 
b25  East  Compton  Blvd. 

Compton.  California  40220 

Telephone:  2  15-323-01  Id 
Contact:  George  Leach 

C.  S.  McAuley.  Inc 
P  O.  Box  214 

Downey.  California  40241 

Telephone:  213-864-1174 
Contact:  C.  S.  McAuley 

Motor  Guard  Lubricants  Co. 

4334  East  Washington  Blvd 
Los  Angeles.  California  40023 
Telephone  2  I  3-24X-t>877 
Contact  II  B.  Millard 

Fabian  Oil  Refining  Co 
4200  Alameda  Avenue 
Oakland.  California  444(1 

Telephone:  41 5-532-505 1 
Contact  Biyan  Fabian 

Talley  Bros.  Inc 

2007  I  aura  Avenue 

Huntington  Park.  California  40255 

Telephone:  213-587-1217 
Contact:  A.  W  Talley 


Nelco  Oil  Refining  Company 
1211  McKinley  Avenue 
National  City.  California  42050 

Telephone.  714-474-751  1 
Contact:  Otis  F.  Humphrey 

Colorado 

Williams  Refining  Company 
5401  North  Federal  St. 

Denver.  Colorado  80221 

Telephone:  303-433-2447 
Contact:  Lloyd  Cunningham 

Florida 

Davis  Oil  Company 

Box  I  303.  I  100  Oiange  Ave. 

Tallahassee.  Florida  32302 

Telephone:  404-574-31 14 
Contact:  George  Davis 

Peak  Oil  Company 
Route  3.  Box  7-> 

Tampa.  Florida  334 14 

Telephone:  813-424-4)14 
Contact  John  Schrotet 

Petroleum  Products  Co. 

Box  334.  South  Park  Road 
Pembroke  Park 
Hallendale.  Florida  7  3004 

Te'cpitone  305-484-4000 
Contact  Sol  Blau 

Seaboaid  Oil  Industries  ol  Florida.  Inc 
Box  4334 

'  ksonville.  Florida 

Telephone:  404-384-8845 
Contact:  Byron  Cohen 

Georgia 

Seaboaid  Industries 
Box  47333 

5810  New  Peachtree  Road 
Doraville.  Georgia  30040 

Telephone:  404-458-2241 
Contact:  Bryon  Cohen 
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Illinois 


I  i  'trial  Ks' f nn iifi  Company 
-Odd  I  Madison 
PO  Box  iuo.; 

SpungtielJ.  Illinois  62703 

Telephone  2|  7-525-2JO‘> 
Contact  Martin  Pierce 

Estecli  Oil  Company 
"<>01  West  47th  Street 
McCook.  Illinois  00525 
Telephone:  5 1 2-24 ^ "*5 "• 
Contact  John  O'Connell 

Indiana 

West  v ills-  Oil  ,v  \)|[i  |,n 
vs  ■.  Stale  Koarl 
Wesiville,  Indiana  4634/ 

Telephone:  2  !'>-'1,S5-25.'4 
(ontact:  Andrew  ('arson 

Kansas 

Coral  Refining  Company 
705  Pawnee  Avenue 
Larisas  City  .  Kansas  06 1 05 

Telephone:  4  1 5-28 1 -5454 
Contact  Robert  O'Blasny 

Resource  Technology  Inc 
S  7th  Street 
PO  Box  515  7 
Kansas  City  .  K  aiisas  no  I  |  'l 

Telephone:  4  M  i, 2 1  -0000 
(  ,,nli'cl  Timothy  I-  Spaiks 

Michigan 

Dearborn  Retinmg  Company 
?l>0 1  Wyoming  Avenue 
Dearborn.  Michigan  45120 
Telephone:  5  1 3  VI  .!•  |  700 
Contasi:  Jack  W  Epslein.  B.  Horton 

Minnesota 

Warden  Oil  Company 
157  Humboldt  Avenue  North 
Minneapolis.  Minnesota  55405 
Telephone.  612-374-120 0 
Contae-  A.  L.  Warden 


Gopher  State  Oil  Co 
-500  Delaware  St.,  SE 
Minneapolis.  Minnesota  55405 
Telephone.  ol  2  331-5936 
Contact  (  H  Romness 

Mississippi 

Jackson  Oil  Products  Co. 

Box  5685 

Jackson.  Mississippi  34208 

Telephone.  601-439-3)31 
Contact  H  K.  Robertson 

Missouri 

Midwest  Oil  Refining  Co 

1 1>00  Walton  Road 

■Si  I  amis,  Missouii  63  I  |4 

Telephone:  3  14-427  2662 
Contact  Glen  Gettmgei 

Clayton  Chemical  Company 
10  S.  Brentwood  Blvd 
Clayton.  Missouri  63105 

Telephone:  314-726-6320 
Contact:  Bud  Haney 

New  Jersey 

Diamond  Head  Oil  Refuting  Co. 
1427  Harrison  Tnpk 

Kearney.  New  Jersey  07032 
Telephone.  30l-44|.5soo 
Contact:  Martin  Morrison 

National  Oil  Recovery  Corp 
Box  335 

B.ivomie.  New  Jeixcv  07002 
Telephone:  201-437-7300 
Contact:  Solt'red  Muizus 

New  York 

George  T  Booth  &  Son.  Inc 
6  Robinson  Street 

North  Tonawanda.  New  York  14120 
Telephone:  716-643-0861 
Contact:  George  T.  Booth 

Northeast  Oil  Company 
327  Edward  Drive 
Fayetteville.  New  York 
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lelephoue  3  1  5  454  4  1  SO 
Contact  R  V,  Malilei 

Newton  Refining  ('orp. 

3~  NO  Review  Avenue 

Long  Island  City.  New  York  11101 

Telephone  2  I  2  -RA9-7660 
Contact  R  W  Mahler 

North  Carolina 

Seaboard  Industries.  Inc. 

South  Oil  Division 

Box  lOo,  Old  Burlington  Road 

Greensboro.  North  Carolina  27402 

Telephone:  919-375-581  I 
Contact:  Byron  Cohen 

Ohio 

Research  Oil  Refilling  Company 
36X0  Valley  Road 
Cleveland.  Ohio  44 109 

Telephone:  210-740-2777 
Contact:  Jac  Fallenberg,  Allan  Gressel 

Keenan  Oil  Company 
a  I  Parkway  Drive 
Cincinnati.  Ohio  45212 

Telephone:  5  1 3-63  1-2*400 
Contact:  S.  R.  Passell 

Oklahoma 

Double  Eagle  Refining  Co. 

Box  11257 

Oklahoma  City.  Oklahoma  73111 

Telephone:  405-232-0244 
plant:  405-232-6X78 

Contact:  Frank  Kerran.  Cameron  l..  kerran 

Oregon 

Nu-Way  Oil  Company 
7034  NE  46th  Avenue 
Portland.  Oregon  972 IK 

Telephone:  503-281-9375 
Contact:  A.  L.  Geary 

Ager  &  Davis  Refining  Co. 

9901  NE  33rd  Street 
Portland.  Oregon  9721  1 

Telephone:  503-288-3584 
Contact:  Harold  W.  Ager,  Jr. 


Pennsylvania 

Berks  Associations.  Inc. 

Box  6 1 7 

Pottstown.  Pennsylvania  19464 

Telephone:  215-385-3031 
Contact:  Lester  Schurr 

Petrocan  Corporation 
P  O  Box  547 

Valley  Forge.  Pennsylvania  19481 

Telephone:  215-383-5262 
Contact:  John  Cunningham 

Tennessee 

Gurley  Oil  Company 
Box  2326 

Memphis.  Tennessee  38102 

Telephi  ,  •:  901-527-9940 
Contact  William  M  Gurley 

Texas 

S&R  Oil  Company 
Box  355 16 

Houston.  Texas  77035 

Telephone:  7 13-729-8740 
Contact:  R.  A.  Swasey 

Capital  Supply  &  Refining  Co. 

Box  597 

1 401  West  Hurst  Blvd. 

Hurst.  Texas  76053 
Contact.  Abel  Theriot 

Texas  American  Oil 
300  Westwall.  Suite  1012 
Midland.  Texas  79701 

Telephone:  915-683-481  I 
Contact:  William  F.  Judd 

Utah 

Aleo  Refining  Company 
133  North  First  West 
Salt  Lake  City.  Utah  84113 

Contact:  J.  R.  Mastelotto 

Ekotck  Lube.  Inc. 

P.O.  Box  2106 

Salt  Lake  City.  Utah  84110 

Telephone:  801-487-5984 
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Virginia 

V  C  Oil  Company 
I  'l'U  Noiil,  Quincy  Si 
Ailmgion.  Vienna  2  ’ JC)7 

(  '"Hai  l  V  I  Woithmgton 

Washington 

010  Coipui.ition 

P.0  Box  1004 

Ronton.  Washington  48055 


Telephone  -06071  1 540 
(  ontaet:  William  S  Kemp 

Wisconsin 

Warden  Relining  Company 
1‘MO  South  74rd 
W.  Allis.  Wisconsin  5.014 

Telephone.  414  541  1000 
Contact :  M  A  Waiden 


APPENDIX  C: 

USED  OIL  AS  A  BOILER  FUEL 

Thousands  ol  gallons  ol  used  erankease  oil  are 
burned  each  year  in  Army  boilers.  Before  an  instal¬ 
lation  makes  a  commitment  to  such  an  oil  disposal 
progt am.  economic  and  environmental  (actors  must 
be  considered  Although  using  waste  crankcase  oil  as 
a  supplement  or  alternative  to  virgin  fuel  probably 
will  reduce  fuel  costs,  stack  emissions  ot  lead  and 
oiher  pollutants  may  increase  significantly.  The  com¬ 
bustion  performance  of  the  boilers  may  be  impaired. 
Maintenance  may  be  needed  more  often  because  of 
rapid  deposit  buildup  Boiler  parts  may  have  to  be 
replaced  more  frequently.  Pretrealment  of  the  used 
oil  or  boiler  modification  may  eliminate  some  ot  the 
problems  but  will  add  to  the  capital  expense  ot  modi¬ 
fying  the  system.  Finally,  one  must  consider  the 
availability  (present  and  future)  of  used  oil.  fuel 
requirements,  which  are  a  function  of  heating  season 
length:  and  current  fuel  prices  and  trends. 

Air  Pollution  Legislation 

The  Clean  Air  Act  of  1970.  with  amendments  in 
1974  and  1477.  includes  regulations  which  may  affect 
the  burning  of  used  oil  as  a  virgin  fuel  supplement 
or  alternative.  The  National  Ambient  Air  Quality 
Standard  (NAAQS)  (40  CFR  Part  SO)  for  lead  is 
relevant  because  of  the  significant  concentration  of 
lead  m  automotive  crankcase  drainings.  The  NAAQS 
for  total  suspended  particles  is  of  concern  since  the 
higher  ash  content  of  used  oil  contributes  to  higher 
particulate  emissions.  Since  the  sulfur  content  of  used 
oil  is  not  significantly  higher  than  that  of  virgin  fuel 
oil.  the  SO:  emissions  from  a  boiler  using  recycled  fuel 
will  not  be  higher.  Similarly,  the  NOx  emissions 
are  approximately  equal  for  recycled  and  virgin  fuel. 

Where  air  quality  is  better  than  the  NAAQS,  it  is 
preserved  by  the  Prevention  ofSignificant  Deterioration 
program.  This  may  apply  to  some  boilers  modified  to 
burn  used  oil  and  to  some  new  boilers.  Some  modified 
boilers  may  not  have  to  undergo  the  entire  permit 
process. 

The  Nonattainment  Provisions  of  NAAQS  may 
affect  new  or  modified  sources  that  potentially  will 
emit  more  than  100  ton/year  of  any  regulated  pollutant, 
or  that  lie  in  or  affect  a  nonattainment  region. 

The  New  Source  Performance  Standards  of  NAAQS 
apply  to  new  or  modified  generators  with  heat  inputs 


greater  than  250  X  I0'1  Btu/lu.  Army  boilers  though 
seldom  this  large,  may  be  restricted  by  State  and 
local  regulations. 

The  Toxic  Substance  Control  Act  (PL  O4  4(,0) 
regulates  used  oil  burning  with  respect  to  PCBs.  See 
40  CFR  Part  761.  May  31.  1970  for  the  most  recent 
PCB  regulations.45 

Used  Oil/Virgin  Oil  Blends 

Generally,  the  values  of  properties  of  blends  are 
linear  with  the  proportion  in  each  oil.  The  exceptions 
are  viscosity  and  API  gravity,  important  characteristics 
of  a  boiler  fuel.  Viscosity  affects  the  flow  rate  of  the 
fuel  and  the  spray  pattern  from  the  nozzle 46  The 
viscosity  of  a  blend  can  be  determined  from  a  plot 
such  as  that  in  Figure  Cl.  The  desirable  firing  tem¬ 
perature  for  a  given  viscosity  can  then  be  obtained 
from  Figure  Cl. 

The  API  gravity  of  an  oil  (expressed  as  degrees  API) 
is  a  function  of  the  specific  gravity  and  can  be  calcu¬ 
lated  by  the  following  equation: 

degrees  API  =  _  1 3 1  5  | F.q  C I  ] 

where  S  =  specific  gravity  of  the  oil. 

API  gravity  is  also  related  to  the  heat  of  the  burning 
oil.  Table  C I  lists  densities  and  heats  of  combustion  tot 
a  range  of  gravities.  Figure  C2  graphs  the  relationship 
between  specific  gravity .  API  gravity,  and  heating  value. 

Storage  Considerations 

The  location  and  design  of  storage  facilities  are 
affected  by  several  safety  considerations,  including 
the  proximity  of  heavily  traveled  areas  and  compliance 
with  local  fire  codes.47  Generally,  storage  requirements 
are  similar  to  those  for  residual  fuels4*  However. 


45 Used  Oil  Burned  as  a  hue!.  Vol  1  SW  892  (tPA.  198(11. 
pp  1-6  and  1-7. 

46 T.  T.  I  u  and  R.  S.  Chapter.  Utilization  o] bt'avylicneratcd 
Waste  Oils  as  Boiler  Fuel  Fconomic  Analysis  and  Laboratory 
Tests.  Technical  Note  N-1570  (Naval  Construction  Batallion 
Center.  1980).  p  14 

47P.  L.  link  and  J.  W .  Jackson.  Waste  POL  Disposal  Through 
Fnergv  Recovery  (Air  force  Civil  engineering  Center.  June 
1976),  p  5. 

4s(j.  J.  Mascetti  and  H,  M  White.  Utilization  of  Used  Oils, 
f  inal  Report.  U.S.  Department  of  Energy  Contract  EY-76-C- 
03-1 10I-003/ATR787384I  (August  1978).  p  10-6 
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Table  C'l 

Gravities.  Densities,  and  Heats  of  Contbustion  of  Fuel  Oils 

tln'tui.  i  Museem  jml  II  M  While.  t  lilutWitn  oj  t'sid  Oils.  I  imrl  Repoti.  I'.S.  Department 
«l  Inerts  Cnntraet  I  Y-70-C-0J-1  l(l|  (Ml.t/A  IR7K7.384I  |  August  I978|.p  Itl-.ti 


8BAVITY  ITU.  il  r 

(16/16  Cl 

density.  at 
68  r  (16  C) 

TOTAL  MEAT  OP  COMBUSTION 
(At  CmiUM  V*Mwt) 

_ _ _ _ _ _ . _ 

MET  MEAT  OF  COMBUSTION 
(At  Caff  it  Mt  Pratuval 

0£C  A Ft 

SPECIFIC 

GRAVITY 

LB  PER 
GAL 

8TU 

PER  LB 

BTU  PER 
GAL  AT 

60  F  (16  Cl 

CAL 

PER  G 

BTU 

PER  LB 

BTU  PER 
gal  at 

60  F  (16  Ci 

CAL 

PER  G 

5 

1.0366 

8  643 

18.250 

157,700 

10  140 

17  290 

149  400 

9  6)0 

6 

1  0291 

8  580 

18  330 

157.300 

10  ISO 

17  340 

148  800 

9  650 

1  0217 

8  518 

18  390 

156  600 

10.210 

17  390 

148  100 

9  670 

ms 

1  0143 

18  440 

155.900 

10  240 

17  440 

147  500 

0  700 

HsyMR 

1  0071 

■m 

16  490 

155  300 

10.270 

17  490 

146  90C 

9  720 

10 

1  0000 

■ 

18  540 

154.600 

10  300 

17.540 

146.200 

9  740 

11 

0  9930 

18  590 

133.900 

10.330 

17.580 

145  6K 

9  770 

12 

0  9861 

18.640 

153  300 

10.360 

1?  620 

144  900 

9  790 

13 

KHK 

HTil 

18  690 

152  600 

10.390 

17  670 

144  200 

9  810 

» 

BH 

8  108 

18  740 

152.000 

10  410 

17,710 

143  600 

9  840 

IS 

0.9659 

8  053 

18.790 

151,300 

10  440 

17  750 

142.900 

9  060 

16 

0.9593 

7.998 

18.840 

150.700 

10  470 

17,790 

142.300 

9  080 

17 

0  9579 

18.090 

150.000 

10  490 

17.820 

141  600 

9  900 

0  9465 

16.910 

149  400 

10  520 

17.860 

140  900 

9  920 

■  ■ 

0  9402 

7  839 

10.980 

148.800 

10.540 

17  900 

140.300 

9  94C 

1  X 

0  9340 

7  787 

■BESS 

148.100 

10.570 

17  930 

139  600 

9  960 

■S.; 

0  9279 

7  736 

HIS 

147  500 

10  590 

17  960 

139  000 

9  980 

^KVr 

0  9218 

HouB 

146  800 

10.620 

18.000 

138  3 DC 

ID  000 

09159 

— 

hsk 

146.200 

10  640 

18  030 

137  700 

10  020 

mm 

0  9100 

7  587 

hub 

145  600 

10  660 

18.070 

137  100 

10  04 c 

0  9042 

7  538 

145  000 

18  100 

136  400 

10  05C 

26 

0  8984 

7  490 

144.300 

IS  130 

135  800 

10  070 

27 

0  8927 

7  443 

19  310 

143  700 

10,730 

18  160 

13  5  200 

10  09C 

78 

0  8871 

7  396 

19  350 

143.100 

10  ’50 

18  190 

134  600 

io  no 

79 

0  8816 

7  350 

19  380 

142.500 

10.770 

18.220 

133  900 

10  120 

30 

0  8762 

7  305 

jUB^Z 

141.800 

10  790 

18750 

133  300 

10  140 

31 

0  8708 

7  260 

141.200 

10.810 

18.280 

132  700 

10  150 

37 

0  0654 

7  215 

19  490 

140  600 

10.830 

18  310 

132  100 

io  no 

33 

0  860? 

7  171 

19  520 

140  000 

10 .850 

18.330 

131  500 

10  180 

34 

0  8550 

7  128 

19  560 

139,400 

10.860 

18.360 

130  900 

35 

mam 

7  085 

19  590 

138.000 

10  880 

18.390 

130  300 

io  :ic 

36 

7  043 

19  620 

138.200 

18.410 

129  70C 

10  23C 

37 

16 

7  001 

19  650 

137.600 

18  430 

129  100 

1C  240 

38 

BfSB 

19.680 

137.000 

10.940 

18  460 

128  500 

10  260 

39 

H Em 

6  920 

19  720 

136.400 

10950 

18  480 

127.900 

ic  ;rc 

40 

na 

135  800 

10  970 

18.510 

127  300 

10  20C 

41 

■ 

ns 

mrmr 

135.200 

10  990 

18  530 

126  '00 

10  30C 

42 

0  8155 

6  799 

19  810 

134  700 

11  000 

18.560 

126  200 

10  310 

43 

0  6109 

6  760 

19,830 

134.100 

U  020 

18  580 

125  600 

1C  32C 

44 

0  8063 

6  722 

19  860 

133  500 

11.030 

18  600 

125  000 

10  33C 

45 

0  8017 

6.684 

19.890 

132.900 

11.050 

124  400 

46 

0  7972 

6  646 

19.920 

132.400 

11.070 

123.900 

47 

0  7927 

6  609 

19.940 

131.900 

11  060 

18.660 

123  300 

48 

0.788] 

6  572 

19.970 

111.200 

U.lOO 

16.680 

122.800 

49 

0  7839 

6  516 

20  000 

130,700 

11  110 

18  700 

122.200 

v iMii.imi n.i i h 'ii  n!  iIk-  used  ml  with  ic.nlily  iiiinl'  . - 1 1 h lv- 
iii.'tcnals  muIi  .i'  non  halide  solvents.  glycols  and 
gasoline  mas  laise  the  vapoi  piessuie  v>i  aliei  the 
flash  point  ot  the  mixluie.  thetelcne.  special  storage 
Lie  thin's  in  .i  \  he  needed  44 

Dtamage  lot  giavitv  settled  sedintent  and  water  is 
an  essential  feature  tot  used  oil  storage.  Aboveground 
tanks  should  contain  a  dtattt  valve.  and  subsurface 
tanks  should  have  a  suitable  suction  pump  5,1  One  of 
Fort  Henning's  two  used  oil  storage  tanks  is  shown 

m  Figuie  0.0 

I'lie  used  oil-virgm  oil  blend  must  he  mixed  01 
agitated  to  pievent  segiegation  of  the  oils  over  time 
because  of  density  diffeiences.  Mthtaty  Spee tfieatioti 
V\  -1-SI  51).  "Fuel  Oil.  Burnet."  requires  either  me 
channel  mixing  01  in-line  blending  of  oil  mixtuies. 

Boilers 

A  major  consideration  is  the  eltect  ot  used  oil 
combustion  on  the  boiler  itself.  Of  course,  used  oil 
characteristics  such  as  water  and  ash  content,  con¬ 
centrations  of  various  additives,  and  the  degree  ot' 
dilution  with  virgin  oil  determine  the  quail t >  of  oil 
actually  entering  the  boiler  (Table  C  2 ).  Shell  t  -  term 
burning  of  used  oil  probably  does  not  significantly  af¬ 
fect  combustion  efficiency  or  damage  boilei  equipment . 

Some  problems  can  he  expected,  though,  as  a  result 
of  long-term  used  oil  combustion:  clogging  of  pipes 
and  nozzles,  accelerated  corrosion  of  pipes  and  tanks, 
and  reduction  of  heat  transfer  efficiency.  Sediment  can 
clog  transfer  piping,  and  water  may  corrode  tanks  and 
pipes,  as  well  as  freeze  fuel  lines.51  Oil  additives  may 
cause  a  fine  lint  buildup  in  barrels  and  nozzles,  ash 
buildup  in  the  fire  box.  and  deposits  oil  boiler  tubes. 


4"  Used  Oil  Burned  ns  a  hurl.  Vol  1.  SW  892  (I  PA.  1 9801. 
p4-7. 

50P  L  I  ink  anil  J.W  Jackson.  Wash1  Bill  Disposal  Through 
Energy  Recovery  (Air  l  ord’  Civil  Engineering  Center.  June 
1976).  p  5- 

51 T  D  Coyle  and  A  R  Siedle,  "Metals  in  Oil  Occurrence 
and  Significance  for  Reuse  of  Spent  Automotive  l  ubricating 
Oils."  Proceedings  of  a  Workshop  on  Measurements  and  Stan¬ 
dards  for  Recycled  Oil/I.  Gaithersburg.  Maryland.  National 
Bureau  of  Standards.  1977  (NBS  Special  Publication  556. 
1979).  p  199. 

52  T  T.  lu  and  R.  S  Chapler.  Utilization  of  .Vary  (h  iterated 
Waste  Oils  as  Boiler  Curl  Economic  Analysis  and  laboratory 
Tests.  Technical  Note  N-1570  (Naval  Construction  Batallion 
Center.  1980).  pp  I  2 


Additives  au-  available  that  ,  an  help  s..|vc  these 
pioblems  w  ith  hunting  used  oil 

Emissions 

Army  boilers  can  he  genciallv  sliai.Ktenzed  a- 
industrial-sized  That  is.  they  have  a  mpaun  between 
Ml  x  10"  and  250  X  10"  Biu  Is:  liidustual  sized 
boikis  usually  burn  tesiduul  tuel  (or  \"  4.  '.  m  >< 
fuel  oili  at  a  rate  of  '0  to  5500  gal  lo  wun  I'  percent 
excess  an.''  Some  aie  converted  sloket  tited  coal 
boilers.  Others  were  cori.-itucted  a-  oil  tired  boilei- 
Few  have  modem  air  pollution  cotltiul  equipment 
Many  converted  coal  boilers  have  outdated,  inefficient 
cyclones,  some  boilers  have  none  Oil-tited  boilers 
usually  do  not  have  pollution  control  equipment. 
(Virgin  tuel  oil  is  a  lelattvely  clean-burning  tuel  i 
Therefore,  emissions  from  Auny  boilers  burning 
used  oil  probable  will  be  uncontrolled  and  should  be 
carefully  evaluated  before  a  decision  is  nude  to  tiie 
used  oil. 

Tin  number  of  pollutants  emitted  from  a  slack  >  a 
function  of  the  characteristics  of  the  oil  and  ti.e 
combustion  equipment  tlselt  Pollutants  ol  coinen. 
include  lead  and  othei  heavy  metals  tiom  the  .oh. 
sulfur,  nitrogen,  chlorine,  and  biomine  ougiuaimg 
Horn  the  ash  and  oigamc  tractions  Also  of  coiicetii 
are  polynuclear  aeromatics  fPNAsi  and  poKcydi. 
organic  mailer  tPOMs)  from  the  combustion  ot  ii>"i. 
fuels.  PCBs  are  not  normally  found  in  used  oil'  bin  it 
die  used  oil  has  been  contaminated,  burning  n  an 
Army  boiler  would  be  not  only  harmful  to  the  envuon 
meut  and  the  health  of  personnel,  but  also  illegal 
Other  contaminants  that  affect  emissions  include 
gasoline,  glycol  antifreeze,  pesticides,  halides,  and 
oilier  solvents.54 

[.cad  Emissions 

Lead  emissions  from  burning  used  oil  are  a  function 
of  the  firing  rate  (liters  per  hour),  lejil  concentration 
of  the  oil.  and  the  percent  of  that  lead  which  is  emitted 
with  the  flue  gas.  Figure  04.  data  collected  by  the  FPA 
from  I960  to  1078.  shows  an  inverse  relationship 
between  lead  emissions  and  the  lead  concentration  in 
the  total  oil  (used  oil  and  virgin  fuel) 


5,J.  T.  Bcanl.  I  .  A.  Lai  her  . a.  d  L  l  l.illeleht.  tu 
Pollution  Training  institute  Course  -I."  Combustion  l  value 
lion  Student  Manual.  I-PA  450/2-80  062  tfPA.  I  ehruary 
1980).  p  8-2. 

54 1  sed  Oil  Burned  as  a  Euel.  p  4- 1 . 
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I  nlilc  (  2 

Properties  of  Virgin  fuel  Oil  (No.  2  Distillate  and  No.  6  Residual)  and 
Used  Oil  (  Automotive  Crankcase  Drainings) 


llromr.  J  Mjsa-nt  and  H  M  W  lute.  Utilization  itf  (  svc/  (his.  Final  Report.  U  S  Department 
.it  t  nerux  ConirjU  I  Y  7h  < -03  I  101  H0.3/A  1  R7873841  |Au>tust  1  978  |  .  p  10-41 


Composite  Range  values 


m 

No.  2  Distillate 

No.  6  Residual 

J sed Oil.  Crank¬ 
case  drainings 

Gravity,  Peg  API  at  btfr 

30. 2  to  45. 3 

0.  3  to  26. 0 

20.0  to  27.9 

Specific  Gravity 

0.800  to  0.875 

0.398  to  1.022 

0.887  to  0.934 

Density,  tyqal 

o.  o8  to  7. 30 

7.  5  to  8.  5 

7.  40  to  7. 78 

Viscosity,  SFS  at  I22°F 

24  to  350 

- 

Viscosity.  SUS  at  100°F 

32  to  40 

37  10  837 

Viscosity,  Centistoaes 

t.  3  to  4. 1 

7  to  750 

17.310  180.6 

Pour  Point, 

i-50)  to  25 

1-10)  to  95 

r  i-40)  to  1-30) 

flash  Point,  of 

126  to  204 

150  to  270 

17510  415 

Heating  value.  8turgai 

130,  TOO  to  141,800 

146, 100  to  i  >157.  700) 

105.  555  to  143. 360 

Heating  value.  Btu/lb 

18. 145  to  Id.  895 

17,  410  to  i  >20. 480) 

13. 571  to  19.300 

Neutralization  Numoer, 

* 

4. 0  to  14.  3 

nig  KOHlgm 

Bottom  Solids  and  water. 

D.OOtOkQ.1) 

0.00  to  2.00 

0. 1  to  22. 0 

vOl  % 

Sulfur.  «t  * 

0. 02  to  0. 59 

0. 3  to  4. 0 

0.21  to  0.55 

Ash.  wt% 

0.00  to  0.005 

a  oo  to  o.  50 

0.03  to  3.78 

Silicon,  ppm 

• 

3. 2  to  164.0 

10  to  875 

Calcium,  ppm 

* 

0.7  to  95.0 

700  to  3.  000 

Sodium,  ppm 

- 

1  lo  480 

16  to  300 

Iron,  ppm 

- 

10.  5  to  230.0 

50  to  2.  000 

vtagnesium,  ppm 

- 

0.4  to  27.9 

10  to  1. 108 

Lead,  ppm 

- 

1. 7  to  4. 1 

300  to  11.200 

Vanadium,  ppm 

- 

1  to  380 

3  to  39 

Copper,  ppm 

* 

0.5 

5  to  348 

Barium,  ppm 

10  to  2. 000 

Chromium,  ppm 

• 

13.7 

3  to  50 

Nickel,  ppm 

* 

3to  118 

3  to  30 

Aluminum,  ppm 

- 

0.  5  to  219 

10  to  800- 

Silver,  ppm 

- 

0.3 

1 

Titanium,  ppm 

* 

5.5 

5  to  30 

vtolyOdenum.  ppm 

* 

2.3 

2  to  3 

Zinc,  ppm 

- 

300  to  3,  300 

“hosphorus,  ppm 

- 

500  to  2.  000 

Tin.  ppm 

* 

5  to  112 

Beryllium,  ppm 

* 

6 

tAanganese.  ppm 

| 

5  to  10 

Cadmium,  ppm 

- 

4 

Strontium,  ppm 

* 

10  to  30 

Boron,  ppm 

* 

3lo  20 

l4lppm  las  the  element)  '0.0001  * t  A . 
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OF  LEAD  IN  TOTAL  OIL  ,  PPM 
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LEAD  EMITTED  AS  A  PERCENT  OF  LEAD  INTRODUCED  WITH  FUEL 


Figure  C4.  Lead  emissions.  (From  Used  Oil  Burned  as  a  Fuel.  Vol  1 .  SW  892  [EPA 
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I  able  O 

Panicle  Si/e  Distribution  ol'  Lead  and  Other  Major  Contaminants 
in  (  missions  from  Waste  Oil  Combustion 


1 1  t'im  i.  .1  M.iscctii  and  11  M  While  t  rilttation  ot  I  s(  J  Oils.  I  ina!  Report.  L'  S  Department  >  I 
I  ncrgy  l  onlu»  I  I  V  7h<  03  I  111!  ml  0  A  I  R7s’ .584  ]  |  August  1478  | .  p  ] 0-1 5 1 

Weight  Percent 

Particle  Si/e  Lead  Calcium  Phosphorus  Zinc  Iron  Barium 

I  micron  7b  to  69  111  lo  19  ’3  n>42  5b  io  73  2  7  lo  36  3  3  lu  51 

1  to  10  micron  lb  lo  21  71  lo  74  44  to  bb  23  to  39  5 1  lo  80  40  to  7y 

'lo  micron  2  7  to  4  4  10  lo  15  8  9  to  in  3  4  to  5  0  1  3  to  1  8  8  9  iu  18 


It  PA  icsls  show  that  Irom  20  lo  1 00  percent  ot  tlte 
lead  entering  a  sicain  hoilci  can  be  expected  to  be 
emitted  hum  the  stack  Some  lead  is  emitted  as  an 
aeiosol  or  vapor,  (hough  most  is  associated  with 
pailieulates  ”  Table  lists  the  panicle  si/e  distribu¬ 
tion  ol  lead  and  otliei  ma|oi  coiuaininaiUs  m  emissions 
Iioiii  waste  oil  combustion  Knowing  paniculate 
>i/e  is  impoitanl  lot  considering  environmental  and 
health  ellects  of  pollutants.  Smaller  particles  penetrate 
deep  into  the  human  respiratory  tract,  whereas  larger 
particulates  lend  lo  be  removed  in  the  upper  tr.nl  5,1 
Also,  il  pollution  equipment  is  to  be  installed,  the  pat 
tide  si/e  distribution  is  an  important  design  parametei 

In  one  I  PA  test.  ‘>0  percent  of  the  lead  emitted  w  js 
associated  with  particulates  smaller  than  1  micron. 
Nearly  o  percent  ot  this  lead  was  recovered  tronr 
boiler  tubes,  and  25  percent  was  emitted  directly  into 
the  atmosphere  Furnace  deposits  may  be  emitted  to 
the  atmosphere  during  soot  blowing,  or  may  be  re¬ 
moved  during  furnace  cleaning.5 

Other  Pollutants 

S0X  emissions  are  a  function  of  the  sulfur  content 
of  the  used  oil.  Since  used  crankcase  oil  usually  has 
little  sulfur,  a  blend  of  high  sulfur  residual  oil  and 
used  oil  can  actually  reduce  SOx  emissions  and  cor¬ 
rosion  of  internal  boiler  surfaces.** 

55  (  sed  Oil  t turned  us  a  huet.  p  4-4 

5,lll  ('  Perkins,  ,-1/r  Pollution  (Meliruw-llill.  Ins  .  1974). 
p  336 

57  Used  Oil  Burned  us  u  Pud  p  4-3 

5,<P.  D.  Spawn  and  P  I  I  ennelly.  “An  Updated  Look  at 
the  fuel  Potential  of  Waste  Aulomolivc  Oil."  Proceedings  ol 
a  Workshop  on  Measurements  and  Standards  for  Recycled 
Oil  II.  (iaitllershurg.  Maryland.  National  Bureau  of  Stan¬ 
dards.  1977  (NBS  Special  Publication  556.  1979).  p 5 1 


S0X  emissions  will  not  he  dealt  with  in  this  tepoit 
because  they  are  not  specific  to  used  oil  combustion 
Similarly .  N()x  emissions  Jte  a  luruiion  ot  combustion 
temperature  and  the  nitrogen  in  the  oil.  rather  than 
being  related  to  oil  contamination  5<J 

In  I  'scJ  Oil  Burned  as  a  /■ltd,  the  MPA  combine' 
an  pollution  and  used  ml  composition  criteria  to 
characterize  a  used  oil  which  may  be  burned  with 
minimal  environmental  risk  The  tesults  are  presented 
m  Table  s.  In  the  same  publication,  the  LPA  suggest' 
uncontiollcd  emission  factois  toi  used  oil  and  used 
oil  vugm  oil  blends.  The  emission  (actors  aie  consistent 
with  those  previously  published  r or  the  selected 
pollutants  (Table  C'4).“ 

'/■  ijeling 

Before  building  stoiage  facilities  and  modifying 
boilers  to  burn  oil.  if  might  be  useful  io  model  the 
lead  emissions  that  would  result  from  burning  used 
oil.  The  model  could  help  in  calculating  the  maximum 
lead  concentration  allowable  in  the  oil.  This  maximum 
depends  on  the  ambient  lead  concentration  before  the 
boiler  emissions'  contribution,  and  on  the  lead  emitted 
as  a  function  of  lead  concentration  in  the  fuel  The 
amount  of  lead  could  he  reduced,  then,  either  by 
pretreatment  or  by  reducing  the  ratio  of  used  oil  io 
virgin  fuel.  Wasie  oil  managers  may  contact  CF.RL  for 
information  about  the  modeling  procedure 

Pretreatment 

Preueainient  ol  t ho  used  oil  can  significantly 
improve  oil  qualiiy.  thereby  reducing  boiler  damage 

5°.l  T.  Bo-ird.  I  A.  Laehctta.  and  1  U  Ltllelelil.  Ir 
Pollution  Training  Institute  Course  427  Student  Manual. 
I  PA  450/2-80-063  (F.PA.  February  1980).  p  8-3. 

60  Used  Oil  Burned  as  a  Fuel,  p  4-4. 
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Table  (.  4 

Uncontrolled  Lmission  Factoid  for  Combustion 


Pollutant 

Pb 

Pl> 


Particulate 


Pat ticulatc 


Ollier  metals 
in  partis  ..,ate 
SO, 


SO. 

NOx  (total 
as  NO,  I 


Hr  drocarbons 
(total,  as  CH4 1 


PN  W* 


IK  I  ** 
UBr** 

P  (in 

particulate) 

CO 


»l  rom  (  s t  j  (hi  Hum,' J  a  Furl.  Vol  1 .  S\S  892  1 1  FA.  ]  98H j  > 

l-  mission  Factors,  lb/ 103  gal 

Suggested 

PPA  AP-12  (3) 

for  l  sed  Oil* 

Comments 

Waste  oil  0  00751  Ll 

Virgin  oils  0  004  2(  Ll 
(residual,  distillate) 

Coal  1.6tl)  lb/10*  ton 
r  hrtuminous.  anthracite) 

0.00751  L) 

L  -  ppm  Pb  in  oil  based  on  100  ; 
emission  ai  7.5  ibx/gj)  oil  density 
Based  on  substantially  less  than 

100'.’  emissions  A\e  L  1  0  toi 
residual  oils,  and  0  I  ’or  distillate 
oils. 

Based  on  80  emissions. 

W astc  oil  "7 5 1 A 1 

Virgin  oils 

■••6  lOlSM.'s 
•  5  in 
■■4  7 

Ind./comm  dist  2 

Domestic  dist.  2.5 

75(A) 

A  -  ash  in  oil.  Based  on  100 
equivalent  emission  at  7  5  Ibs/gal 
oil  density 

S  -  sulfur  in  oil. 

Note  that  used  oil  with  approx. 
O.I.Vr  ash  would  be  equivalent  To 
-5  fuel  oil. 

Not  included 

0  1)0751  L) 

L  -  ppm  metal  in  oil. 

Residual  oil  I57(S) 

Distillate  oil  142(Sl 

I50(S) 

S  -  ■  sulfur  in  oil.  Suggested  factor 
for  used  oil  based  on  1 00' 7 
conversion  of  S  to  SO,  for  7.5 

Ib/gal  oil  density . 

All  virgin  oils  -  2S 

Residual  oils 

2S 

S  =  "r  sulfur  in  oil. 

Power  plant 
tangential  -  50 

Power  plant 

i  Ar 

si 

N  -  '  ?  nitrogen  in  oil. 

See  AP-42  1 .3  for  further  discussion 
of  NOx  emissions. 

other  -  105 

Ind.eomtn  22+400rN)2 
Ind./eomni.  dist.  22 
Domestic  dist.  18 


All  virgin  oils  -  1 

1 

RKCON  measurements  ranged  from 
14  to  165  ug/g  fuel  1 1 1  5  avg)  as 
compared  to  ]  lb/10'  gal  (approx. 

1 53  pg/g)  emission  factor. 

Not  included 

0.0075 

Corresponds  lo  1  pg/g.  Insril 
ficient  data  to  determine  how  PNA 

emissions  for  used  oils  compare  lo 
virgin  oils. 

Not  included 

77(C)  max. 

C  =  rr  chlorine  in  oil 

Not  included 

76(B)  max. 

B  =  '7  bromine  in  oil. 

Not  included 

75<P)  max. 

P  =  '(  phosphorous  in  oil 

5 

5 

CO  emissions  vary  with  combustion 
control  on  all  fuels.  No  CO  emission 
detected  by  Orsat  analyses  in 
RKCON  tests  1-4  Determinations  b 
Kitagawa  delector  tube  in  runs  5-9 
showed  10  to  100  ppnr  in  the  llue 
gas  or  an  average  of  about  5  lb/ 10' 
gal. 

And  lor  used  oil/virpin  oil  mixture. 
Suggested  for  these  pollutants. 


iu'i  .in  extended  time  The  iicjiiiient  nuy  be  as  simple 
n  screening  to  lemove  1  jrjie  foreign  obieets  and  sedi 
mein  The  hum  common  neaiineiit  is  settling  to 
leniove  w.uei  and  sediment  Moie  sophisticated  re¬ 
pressing  consists  ol  icniniuguiioii.  filtration.  atnius- 
plienc  01  vacuum  distillation,  or  chemical  treatment.61 


GLOSSARY 


additive  A  chemical  added  to  impiove  oil 

aniline  nuinbei  (or  point):  Temperature  (  ()  at  which 
mixtures  of  petroleum  and  aniline  become  mis¬ 
cible  The  value  is  a  measure  of  sludge  solvent 
power  A  low  aniline  number  indicates  high 
solvent  power. 

asphalt:  A  solid  hydrocarbon  found  as  a  natural 
deposit.  When  subjected  to  distillation  to  remove 
light  fractions,  crude  oil  of  high  asphaltic  content 
leaves  asphalt  as  a  residue.  Asphalt  is  dark  brown 
or  black  and  is  a  solid  at  normal  temperatures. 

BS&W:  Abbreviation  for  bottom  solids  and  water. 
Found  m  petroleum  crudes,  undistilled  fueis 
and  used  oils. 

Hash  point:  Maximum  tempeiature  at  which  oil  can 
be  stored  and  handled  without  seuous  fire  hazard. 

lubricating  oil  That  fraction  of  the  crude  oil  which  is 
sold  to  reduce  friction  in  any  industrial  or  me¬ 
chanical  application  This  term  includes  re-relined 
oil 

neutralization  number.  The  number  of  milligrams  of 
potassium  hydroxide  needed  to  neutralize  1.0  g 
of  an  oil  sample. 

pour  point:  Primary  indication  of  the  lowest  tempera¬ 
ture  at  which  an  oil  can  be  stored  and  still  (low 
under  very  low  forces. 


61  Used  Oil  Burned  as  a  Fuel.  Vol  I .  SW  892  (I  PA.  1980). 
pp  2-6.  2-7. 


reclaiming  or  reprocessing  Physical  treatment  with  or 
without  chemical  treatment  to  prepare  fuels 
from  used  oils. 

recycled  oil:  Any  used  oil  which  is  reused  toi  any 
purpose  This  includes  oil  which  is  re-refuted, 
leclanned.  burned,  or  reprocessed 

re-refined  oiT  Used  oil  I  tom  w  hich  the  physical  and 
chemical  contaminants  acquired  through  use  have 
been  removed  by  a  re-ietining  process 

Saybolt  Universal  Viscosity:  Time  ini  seconds)  it  takes 
lo  run  60  ml.  ot  a  fluid  through  a  standard  size 
orifice.  Usually  reported  at  I01TF.  150°F.  or 

:io°f. 

Saybolt  Furol  Viscosity:  Same  as  Saybolt  Universal 
Viscosity,  except  the  orifice  through  which  the 
fluid  passes  is  larger;  62  seconds.  Saybolt  Turol 
Seconds  (SFS)  =  600  seconds  SUS. 

used  oil:  Any  oil  which  has  been  refined  Irom  crude 
oil  and  used,  and  which  has  therefore  been  phy¬ 
sically  or  chemically  contaminated. 

virgin  oil:  Oil  products  manufactured  from  previously 
unused  petroleum  products. 

viscosity:  Measure  of  a  fluid’s  resistance  to  shear  oi 
angular  deformation  Indicates  relative  ease 
of  flow. 

viscosity  index:  An  empirical  measure  of  the  effect  of 
temperature  on  the  viscosity  of  oils.  A  low  index 
indicates  a  large  change  with  temperature. 

METRIC  CONVERSIONS 

I  gal  =  3.785  L 
°C  =  5/9  (°F-32) 

I  lb  =0.37  kg 
I  psi  =6.895  X  I03  Pa 
I  Btu  =  0.293  W 
I  ton  =  0.9  MT 
I  mi  =1 .6  km 
I  in.  =  25.4  nun 
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